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Let a SOLA CONSTANT VOLTAGE TRANSFORMER 


insure the claims made for your equipment 
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@ When you establish the performance standards for your equip- 
ment—are you taking into consideration the fact that line 
voltages in the field will vary as much as + 15% from the ~ 

nominal value specified on your label? | 

These voltage variations are your problem. Your equip- 
ment must work properly in spite of them. 
You can build voltage variations out of your equipment by 
building Sota Constant Voltage Transformers INTO it. These 
transformers will absorb line valtage variations as wide as 30 %, 
while maintaining rated voltage wo your equipment. 
Many manufacturers have built this protection into their 
: product at an actual saving, both in original cost and main- 
tenance. Consultation with Sota Engineers may show you the 
way to similar savings. 
Sota Constant Voltage Transformers are available in ca- 
pacities from 1 VA to 15 KVA. Many standard designs are 
available from stock. If standard units are not suited to your 
requirements, special transformers can be designed to your 
specifications. : 7 


a | IMPORTANT READING __ | a: 
| Contlarte Vollage for every designer, manufac- | 7 
< , | | : iis SCI Glee user eh ; 
TRANSFORMERS | °C" | q 


Ask for Bulletin 7 CV-102 
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Transformers for: Constant Voltage * Cold Cathode Lighting * Mercury Lamps » Series Lighting + Fluorescent Lighting » X-Ray Equipment + Luminous Tube Signs 


_ © Oil Burner Ignition + Radio « Power + Controls + Signal Systems * etc. SOLA ELECTRIC COMPANY, 2525 Ciybourn Avenue, Chicago 14, Illinois 
Manufactured in Canada under license by FERR, NTI ELECTRIC LIMITED, Toronto 
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USE THIS BEARING WHERE NO 
OTHER ANTI-FRICTION BEARING 
WILL STAND UP: 


FOR THE 
IMC ENGINEER... 


@ HIGH SPEEDS 
© PLUS HEAVY LOADS 

@ PLUS TEMPORARY OVERLOADS 
@ PLUS SHOCK 

@ PLUS VIBRATION 
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The increasing demands for IMC services and products 
have been calling for more space and greater facilities. Result... 
IMC has moved its Cleveland office into its own building at 1231 Superior 

Avenue. In so doing, extra space has been allowed for warehousing a complete 
stock of IMC electrical insulating materials to provide better service and faster deliveries. 


PRECISION ROLLER BEAR | 
| | ones | | Whether you’re near Cleveland, or in another territory, the IMC engineer can 
GUARANTEE YOU: help you. He’s always ready to— 


@ LARGER SHOCK-ABSORBING CAPACITY THAN | 1. Assist you in the selection of the best insulating material for your job. 
Bag TEE ee SINCLE-ROW BEARINGS. 4, Familiarize you with its proper application. 

3. Suggest ways to eliminate waste. 

4. Help you increase your production. 


FIVE STANDARD TYPES of cylin- 
drical roller bearings are shown in 
cross-section below. Other variations 


@ MARGIN FOR 50% OVERLOADS. 


at Cae @ LOWER FRICTION COEFFICIENT UNDER HEAVY \ 
heavy zadialload Of this type are also available. Metric LOAD THAN ANY OTHER TYPE BEARING. pe ue | Call on him whenever you need a specialist’s help 
and axial float. : ; VAL : | ‘ ‘ 
Straight outer and inch sizes up to 222” bore. @ SPEEDABILITY EQUAL TO ANY BALL BEARING, | } a : on your insulation problems. 
ee, ee ipped SIZE FOR SIZE, UP TO 35,000 R.P.M. | | ee 

@ 100% MACHINED, EXTRUDED BRONZE CAGE | a. : 


OF MAXIMUM DENSITY AND UNIFORMITY. 


MANUFACTURERS CORPORATION - 


; yeCcTRic nes os IMC PRODUCTSs Vartex Varnished Cloth and Tapes—Varslot 
F *CHICAGO'6 = wa AC CLEVELAND 14. Combination Slot Insulation—Varnished Silk and Paper—Fiberglas 
| Tse 565 W. Washing- © RSS “1231 Superior Electrical Insulation— Manning insulating Papers and Presshoards— 
PRECISION BALL, ROLLER AND THRUST BEARINGS _ | ton Blvd. ae | Ave.,-N. E. - Dow Corning Silicones—Pedigree Varnishes—-Dieflex Varnished 

: ee | ; Tubings and Saturated Sleevings— Wedgie Wood Wedges—-National 
Hard Vulcanized Fibre and Fishpaper—Laminated Bakelite—Permacel 


lace see 
Nis iV acior ‘ 


YU : 
LA pore | Adhesive Tapes——Asbestos Woven Tapes and Sleevings —Inmanco 


“R-E” Type: For “R-L’ Type: For “R-LL’ Type: For ‘R-RR" Type: For 
heavy radialload heavy radial load heavy radialload heavy racial pad: 
and axial float. and one-direction and two-direction Full-roller re ae 
Two-lipped outer axial location. axial location. erless _type wi 
ring, straight in- One-lipped outer Two-lipped outer snaP rings. 
ner ring. ring, ‘two-lipped ring, two-lipped 

inner ring, inner ring. 


STARLAHOFEMANN BEARINGS CORPORATION | ree | | ; 
, CONNECTICUT | . nek Cotton Tapes, Webbings, and Sleevings, and other insulating materials. 


FIELD OFFICES: New York, Chicago, Cleveland, Detroit, _ Also in Dayton, Detroit, Milwaukee, Minneapolis, and Peoria 


Pittsburgh, Cincinnati, Los Angeles, 
an Francisco, Portland, Ore., Seattle, Phoenix 


BARS require minimum space, 

may be_bent or twisted, con- | 
nected to. apparatus without spe- 

cial joint preparation and _ in 

laminated construction have un- 


limited dic. capacity. 


TUBES provide the highest bus : : 


conductor efficiency at a.c. fre- 


quencies, have greater rigidity, 
and may be oil or water cooled. 
CHANNELS have large sur- 
face area, reduce temperature 
rise, provide greater rigidity . ry eo ee 


than tubes for long runs and 
have flat surfaces for tap-off. 


{ . Sa sIIAASEND TOUGH GOING TO GET THERE . . . WOULD BE 


TUBULAR shapes offer the lowest impedance to the flow of al-  * | MIAHAY, 


ternating current. Watt losses are accordingly low by compari- f e.°%4 fa A “NATURAL” FOR TOWERS OF ALCOA ALUMINUM 


son with other conductor shapes. 2 The lich bt of Aldon A Ish Ie gaol 
ine 1 SAE | | minum structural shapes greatly simpli- 

Greater rigidity . . . the possibility of increasing current . CREEL to ae Nee eee ee Glee 
nee fies the transportation of materials to sites like this. It makes erection 


capacity by water or oil cooling . . . comparatively low cor ; eM 
| P Lege S P Soe easier, too—facts well worth remembering when you're designing towers 
ANGLES for ventilated hollow discharge at high voltages .. . are other advantages offered by for out-of-the-way places 


busses have highest rate of heat A mee A ; 
tubular conductors. Even if you-don’t have a right-of-way over this kind of country 


dissipation, handle greater cur- 
rent density, but require more In this as in other shapes, copper is generally recognized as 7 : there’s another way Alcoa Aluminum can simplify your operation. 
Aluminum is highly resistant to corrosive attack; it normally needs no 


for installation. — : ; : a. : 
oe ee the most satisfactory bus material. For in addition to high elec- 

protective painting. Use Alcoa Aluminum structural shapes, therefore, 

in the upper portions of your towers and eliminate the need for costly 


trical and thermal conductivity, copper provides strength, 
toughness and corrosion resistance. : 
: For detailed information on the range of sizes and shapes in 
which Anaconda Bus Conductors are furnished, write for Pub- 


lication C-25. 46143 


and hazardous painting. | 
Designers and operating men interested in this idea may obtain full 


data on Alcoa Aluminum structural shapes through the nearby Alcoa 
office. Or write ALUMINUM CoMPANY OF AMERICA, 2113 Gulf Building, 


Pittsburgh 19, Pennsylvania. 


CABLES solve many problems 


Baebes eae THE AMERICAN BRASS COMPANY | | 


currents in confined space or 
in connecting moving apparatus 
such as furnaces of the arc or 
resistance types. 


Aluminum normally needs no protective painting. 


General Offices: Waterbury 88, Connecticut 


Subsidiary of Anaconda Copper Mining Company 
In Canada: ANACONDA AMERICAN BRASS LTD., New Torénto, Ont. 
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Io Solar, “CQ” means Capacitor Quality because Solar lives up to its by-word, 
“Quality Above All.” | 


That’s the whole Solar story in one sentence. 


We could show pictures of departments in our up-to-the-minute plants, depicting 
the modern machines and skilled workers who build outstanding quality into each Solar 
capacitor that comes off the lines. Or photos of our laboratories where tests insure that 


every Solar capacitor will live up to Solar’s “Quality Above All” standards. 


We could quote unsolicited letters of praise from hundreds of manufacturers who’ve used 


Solar “Quality Above All’ capacitors . . . letters which verify Solar’s claim to the 


most dependable line of capacitors on the market! 


We could say all this, but Solar capacitor performance speaks for itself — 


proves “Quality Above All’ is more than just a phrase. 


SOLAR MANUFACTURING CORPORATION 
285 Madison Avenuc ° New York 17, New York 
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A ground-fault neutralizer (Petersen c 


oil) 


installation in which an associated by-passing 
mechanism short-circuits the coil and solidly 
grounds the system neutral in the event of a 
permanent fault. Some of the engineering fea- 
tures of neutralizer applications, which® are being 
effectively used in the protection of transmission 


lines, are presented on page 37. 
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CONNECTORS 


Fr 2 0 M | Whether in the depths of a mine or the towers of a skyscraper, - 


wiring jobs done with O. Z. fittings go in faster...stay in longer. 
For typical reasons, check the advantages, below, of just two 
of the many O.Z. ground connectors. You'll see why engineers 


say— “They’re OK if they’re 0. 2.” 


TYPE AG GROUND CONNECTORS 


@ Top clamp plate is ribbed for strength... eliminates distortion. 


® High-conductivity copper alloy... resists corrosion. 


@ Interlocking pivoted clamp insures maximum circular pressure. 


® Single Everdur U-bolt secures cable to ground rod... reduces 
TYPE AG assembly time. 


@ Each fitting accommodates a wide range of cable sizes. . 


TYPE CG GROUND CONNECTORS a 


@ Ground wire connects at right angles or parallel to pipe. 


@ Universal clamp assures positive contact in either direction. 


@ High-conductivity copper alloy...resists corrosion. 


...1S put to work in 
@ Everdur U-bolt can be clamped in place on rod or pipe and ground 
_ cable fastened as a secondary operation. New Depa rtu res 
. ¢¢+ + 


e Each fitting accommodates a wide range of wire sizes. 


ee | The New Departure Ball Bearing licks friction with < 


= = Se & 


free-rolling, tough, forged steel balls. 


More and more electrical whole- 


salers are stocking O. Z. fittings. setae Blas Nenu 

See your local difibuton tala It is uniquely fit for today’s high speeds, heavier loads 

Write us for catalog detailing —and precise positioning requirements. 

sizes, features, and prices of the 

complete O.Z. line. K . : eis 
re eae ce This, plus meeting Industry’s problems with original 


thinking, has made New Departure the world’s largest 


@ 2024 manufacturer of ball bearings. 


TYPE CG 


ELECTRICAL 
MANUFACTURING 
oy COMPANY 


262 BOND STREET - BROOKLYN,2 N.Y. 


_— Nothing Rolls Like a Ball 


NEW DEPARTURE 


BALL BEARINGS 


NEW DEPARTURE © Division of GENERAL MOTORS * BRISTOL, CONN. ® Branches in DETROIT, CHICAGO, LOS ANGELES and Other Principal Cities 


CONDUIT FITTINGS © CABLE TERMINATORS 
CAST IRON BOXES © SOLDERLESS CONNECTORS 
GROUNDING DEVICES © POWER CONNECTORS 


Cut-away view of 
New Departure 
Ball Bearing 
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LAMP APPLICATION RESEARCH 


LECTRIC lamps, or ‘‘bulbs’’ to most people, 
are so universally used that probably the 
majority think of them primarily in terms of 

40-, 60-, and 100-watt lamps used around the home 


and office. It is probably quite commonly known that 
the higher-wattage lamps, 300, 500, and even 1000, are 


used in industrial lighting. Perhaps not so well known > 


are the sunlamps, the heat lamps, the germicidal lamps, 
and even incandescent lamps of 50,000 watts requiring 
67 hp to light a single bulb. Actually, one single large 
manufacturer of lamps in this country makes some 
10,000 different types and sizes of lamps and most of 
those have to be manufactured in several voltages. In 
the development of that vast variety arise some very 
unusual and complicated problems, both in lamp manu- 
facture and lamp application. A description of some 
of the application problems, rather than manufacturing 
problems, will indicate how intensely interesting is the 
extensive ‘‘behind-the-scenes’’ research necessary to 
develop what appears to be a very simple commodity. 


DDT Coated Lamps 

Wide publicity on the insect killing properties of 
DDT raised the question as to whether it would be 
practical to coat lamp bulbs with DDT and thus make 
an effective lamp for combating insects. 

An analysis of the DDT lamp idea raised a number of 
problems, among them: (1) What sort of a DDT coating 
could be developed that would adhere to smooth glass 
lamp bulbs and not rub off in the ordinary process of 


This article is so paged that, without mutilating other articles, it can be 
conveniently removed for separate filing by tearing out pages 8 to 17.—Ep. 


Fig. 1. An installation of traps set up for testing the efficacy of artificial 
light in combating summer insect pests 


How extensive research solves perplexing 
and unusual problems arising from applica- 


tions of common and not-so-common lamps 


LAWRENCE C. PORTER and JANET E. DAVENPORT 


Nela Park Engineering Division, General Electric Company 


Ou 


packing, shipping, and installing the lamps? (2) How 
long would the DDT retain its killing power when 
subjected to the heat of the bulb and the radiant 
energy from the filament? (8) How much of the light 
output of the bulb would be cut off by the DDT coat- 
ing? (4) How would the appearance of the bulb be 
affected and how could the usual wattage and voltage 
designations and the manufacturer’s trademark be 
made to show through the coating or be put on top of it? 
(5) Lastly, since it is practical to spray DDT on the 
walls and ceiling of a room, what would be gained by 
the very small additional area offered by the surface 
of the lamp bulb? 

Work on these problems involved the co-operation 
of the DDT manufacturer, an Agricultural Experiment 
Station, the lamp manufacturer’s chemists and engi- 
neers, an insect laboratory, service tests in insect 
infested localities, study by the manufacturing cost 
analysis people, and consideration by sales and adver- 


tising executives. And, of course, it was necessary to 


have the co-operation of the insects. 


Insect-repellent Lamps 

The matter of an insect-repellent lamp presents a 
related problem on which research has been completed. 
In co-operation with the Ohio Agricultural Experiment 
Station, double insect traps were set up in various 


locations, each equipped with an automatic switch to 


alternately light the upper and lower trap. These traps 
were equipped with various colored lamps, and the 
number of insects attracted by each was counted daily 
and later analyzed by entomologists at Ohio State 
University. Tests were made with lamps of equal 


wattage, with lamps of equal brightness, and both 


equal wattage and equal brightness. Fluorescent lamps, 
mercury-arc lamps, sunlamps, and black-light lamps 
were tried, as well as incandescent lamps. A typical 
test setup is shown in Fig. 1. © 

Tests were made of the effectiveness of brightness in 
attracting insects. Also check tests were made in the 
back yards of Cleveland residents, on the Mentor 
Marshes, and at Nela Park in which different systems 
of lighting were tried. The net result of two years of 
research work may be summed up in a few sentences. 


Q October. 1046 


Lights of all colors tested were found to attract in- 
sects to a greater or lesser degree, but none would repel 
insects. The colors—tred, yellow, white, and blue—on 
which comparable data are available have been here 
arranged in the order of least to most attractive to 
insects. This is borne out by the samples illustrated in 
Fig. 2. Bare lamps, even yellow ones, attract many 
more insects than do lamps equipped with deep reflec- 
tors or reflector and projector lamps. By utilizing lamps 
of. the proper kind and by correctly distributing the 
light, few insects were attracted to test areas and 
some were drawn away from them.” 
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Blackout Lamps 

Immediately after Pearl Harbor, in co-operation 
with our Armed Forces, extensive studies and tests 
were conducted to determine how much light could be 
used without detection by bombers, and how little 
light was needed to carry on necessary activities. These 
studies involved street lighting, traffic signals, warning 
beacons, automotive lighting, railroad and water trans- 
portation, groups of buildings, advertising signs, home 
lighting, etc. 

Numerous basic data were developed; for example, 
it was known that under laboratory conditions a pin- 
point of light of 0.000001 cp could be detected at 100 
ft, 0.0001 cp at 1000 ft, and 0.003 cp at 5000 ft, but 
how much those values would have to be modified to 
meet various outdoor conditions had to be determined. 
The visibility of streets having various colors of paving 
under different levels of illumination was determined 
from planes flying at 2000, 5000, and 10,000 ft. Observa- 
tions were made from dirigibles of the relative visibility 
of the windows of a single house versus a row of houses. 
Visibility of flashlights was studied, and observations 
were made from the sea as to the visibility of sky glow. 

'Early-in these studies it was proved that orange-red 
light was less visible, and at low intensities it produced 
better seeing conditions than blue. The Armed Forces 
changed from blue to orange for blackout purposes. 

The principal results of all this research were the 
development and standardization of an indoor blackout 
lamp and an outdoor blackout lamp, Fig. 3;@ and the 
issuance by the Army Engineer Board of War Depart- 
ment Specifications for 

Blackout street lighting 

Blackout automotive lighting equipment 
Blackout railroad lighting 

Blackout of buildings 

Blackout flashlights 

Luminescent materials 

Traffic control during blackouts. 


Light for Plant Growth 

The first observations regarding the effect of light 
on the growth of plants were recorded nearly 250 years 
ago. The total number of hours of light received in 


()‘“What Kinds of Light Attract Night-flying Insects,’ by Lawrence C. 
Porter, GENERAL ELECTRIC REVIEW, vol. 44, June 1941, pp. 310-313. Agri- 
cultural Engineering, Feb. 1943, pp. 51-58. 

(@)‘‘Blackout Lighting,’’ by Lawrence C. Porter, GENERAL ELECTRIC 
REviEw, vol. 45, Dec. 1942, pp. 674-684. 
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MATIGAL AMBER 


Fig. 2. Insects trapped by lamps of equal wattage but of different colors. 
The weights in grams of the catches by the various lamps are: 


Inside frost dF Yellow . 0.3 
Natural amber 0.2 Amber-orange 0.3 
Flame tint 0.4 Red 0.1 


each twenty-four, rather than the intensity or color of 
light, determines the blooming time of many plants. 
The relatively short hours of daylight in spring and fall 


bring into bloom the plants which are peculiar to those 


seasons. Those that bloom in the middle of summer do 
so because of the long daylight period. 


Fig. 3. Blackout bulb installed in a ceiling fixture near the center of 
the room 
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Fig. 4. Installation of incandescent lamps in a greenhouse to stimulate 
plant growth 


Long-day plants may be forced to bloom early to get 
them onto a high-priced market by extending the day- 
light hours with artificial light. Such light need not be 
of high intensity because many plants respond well to 
lp tc ol artificial light, Some to “as low as 2) cfc. 
However, some, like roses and orchids, require con- 
siderably higher intensities. 

Conversely, some of the short-day plants, notably 
chrysanthemums, may be retarded by extending the 
natural daylight period with artificial light. This 
method is frequently used to get chrysanthemums on 
the market at Christmas time instead of in October. 

In co-operation with various universities, such as the 
United States Department of Agriculture, the Boyce 
Thompson Institute for Plant Research, and many 
commercial growers, exhaustive studies have been 
made to determine the quantity and spectral quality of 
artificial light best suited to plant growth. Contrary to 
general belief, ultraviolet is not at all essential to plant 
growth—it may even be detrimental. For most pur- 
poses, the ordinary tungsten filament lamp used in our 


homes and offices produces very satisfactory stimula-_ 


tion of plant growth, the results of which are shown in 
Fig. 4. However, where maximum possible results are 
desired regardless of cost, certain. combinations of 
sodium and mercury lamps are best. 
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Commercial Greenhouses 

Although only a moderate amount of light is required 
to force plants, to grow them entirely under artificial 
illumination is quite a different story. High-power 
carbon arcs, or banks of 1000-watt tungsten-filament 
lamps, are necessary to anywhere nearly approach 
natural sunlight. When these are used in sufficient 
quantities to approach the intensity of sunlight, run- 
ning water filters must be used to carry off the excess 
‘heat. 


Artificial Sunlight 
The closest approach to natural sunlight that has 
been developed so far consisted of the following com- 
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bination of lamps and a running water bath to light the 
25-ft by 40-ft area illustrated in Fig. 5. 


480 300-watt R-40 tungsten-filament spotlight 
lamps : 
12 3000-watt A-H9 mercury-arc lamps 
740 40-watt white fluorescent lamps 
60 40-watt fluorescent sunlamps 


The operating cost of such an installation precludes 
its use 1n commercial greenhouses, but it is justified for 
research purposes and the development of new types 
of seeds or plants, also for hospital solariums. 


Heat-insulated Greenhouses 

A compromise between the ordinary greenhouse and 
such an installation as that described was developed 
in co-operation with the Boyce Thompson Institute for 


Plant Research.®) In this instance a greenhouse was 


built that was both lighted and heated by incandescent 
lamps. Fig. 6 illustrates this house which, instead of 
being of the conventional all-glass type, had’all but the 


Fig. 5. Solarium producing artificial sunlight for research purposes 


southern exposure of the roof made of heat insulating 
material. The south half of the roof was glass to take 
advantage of such heat and light as there is in winter 
sunshine. 


Combination Poultry and Greenhouse 

Plants require carbon dioxide; hens breathe out 
carbon dioxide. Tests showed that if the air from a hen 
house is filtered through water to take out the ammonia 
and then pumped into the greenhouse, it supplies all 
the carbon dioxide the plants need. Such an arrange- 
ment is Shown in Fig. 7. The hen house also furnishes 
fertilizer, and the greenhouse some food for the hens. 
These facts indicate that it would be not only practical 
but profitable to have a combination poultry and 
greenhouse business. 


Sunlamps in the Poultry Industry 
For years it has been known that the ultraviolet in 
outdoor sunlight is beneficial to poultry in many ways. 


(*) Boyce Thompson Institute Journal, vol. 7, No. 2, 1935, pp. 131-146. 
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Fig. 6. Specially constructed greenhouse for plant research 


It has also long been known that there is very little 
ultraviolet in winter sunlight and that ordinary window 
glass does not transmit what little there is. To over- 
come those difficulties, co-operative research has been 
carried on in the poultry departments of various agri- 
cultural experiment stations. Tests have been made to 
determine the minimum amount of ultraviolet birds 
need; to find out if cod-liver oil can be eliminated from 
the feed when sunlamps are used; and to discover the 
relative effect of using a sunlamp for seven hours once 
a week or one hour daily. Moreover, relative costs of 
ultraviolet and cod-liver oil have been determined. 
This work involved frequent x-ray examinations of 
many birds, as well as bone-ash analyses in biological 
laboratories. To supplement this experiment-station 
research, many tests have been conducted on com- 
mercial poultry farms to determine what practical 


operating problems are involved in the use of sunlamps 


in the poultry field. 


In general, it has been proved that the use of an 
RS-4 Sunlamp located 3 ft above a flock of birds and 
burned one to two hours per day is a profitable invest- 
ment (Fig. 8). Science, however, progresses rapidly and 
the latest news is that germicidal lamps in the poultry 
houses not only disinfect the air but also furnish the 
vitamin D derived from sunlamps. 


Fig. 7. An arrangement in a poultry house whereby carbon dioxide 
exhaled by the fowls is utilized to promote growth of plants in nearby 


greenhouse 


Germicidal Lamps for Poultry 

In spite of the use of sunlamps, the greatest expense 
(about 15 per cent) of the total cost of poultry opera- 
tion is chargeable to mortality caused by the spread of 
disease. Taking advantage of the knowledge gained 
through the use of germicidal lamps in hospitals, 
schools, etc., research was instituted to determine the 
effect of germicidal radiation in poultry houses. There, 
however, conditions are vastly different from those in 
human habitations and the use of bare germicidal 
lamps, as shown in Fig. 9, is found desirable. Many 
tests proved that if the lamps are used on a basis of 
15 watts for each 100 sq ft of floor area and mounted 
not less than 6 ft above the birds, little, if any, eye 
difficulty results. Studies were also made of ways and 
means of disinfecting the drinking water with germi- 
cidal radiation. 


Further research proved that germicidal lamps 
create vitamin D more efficiently than the older types 
of sunlamps. This was done by irradiating rachitic rats 
with energy passed through a large quartz mono- 
chrometer to separate the different wavelengths. In 
another test the feet of baby chicks receiving no other 
source of vitamin D were irradiated with germicidal 
lamps. As a result of this work, it is likely that the use 
of sunlamps in poultry houses will steadily decrease 
while the use of germicidal lamps is likely to become 
standard practice. 


Physiological and Psychological Problems 

Some uses of lamps involve not only mechanical and 
electrical problems, but also a study of the physiological 
effects on growing plants and birds, as well as animals. 
The electrical and mechanical problems are relatively 
easy; they lend themselves to definite measurement 
with scientific instruments and usually give clean-cut 
definite answers. The physiological problems, on the 
other hand, are much more complicated. They involve 
many variables, such as feed and living conditions, 
different strains of birds or animals, and the study of 
effects over many months even to the second and third 
generations. Often the results are not definite enough 


(4)‘‘ Disinfecting Water by Means of Germicidal Lamps,’’ by Dr. Matthew 
Luckiesh and L. L. Holladay, GENERAL ELEctTRIC REVIEW, vol. 47, no. 4, 
April 1944, pp. 45-50. 


Fig. 8. A section of a poultry house 


where fowls are exposed to the Fig. 9. Brooder room equipped with 
15-watt germicidal lamps 


beneficial rays of a sunlamp 


ee racine Scene 
Se ee nee et See te eee 


4 


DS 
NA 


Le 
x 


ao 


to give exact interpretation but are a matter of judg- 
ment or the point of view of those conducting the tests. 

When we come to studies of the effects of radiant 
energy from sunlamps, infrared lamps, and germicidal 
lamps on human beings, the problem becomes vastly 
more complicated. A flock of birds, for example, can be 
closely confined and their living habits regulated, but 
not so with a group of human beings, either adults or 
even school children. With human beings we not only 
have biological and physiological problems under 
widely varying and generally uncontrollable conditions 
to consider, but to these must be added psychological 
problems, such as the person who wants to acquire a 
deep tan from a sunlamp versus the one who sunburns 


easily and believes that if exposures shorter than those | 


producing a burn are used, no health benefit results. 


Accessory Equipment 


Manufacturing in connection with accessory equip- . 


ment necessary for the proper use of a lamp becomes an 
additional problem. Many manufacturers, for example, 
do not realize that porcelain enamel, widely used as a 
reflecting surface for visible light, is practically worth- 
less for sunlamps or germicidal lamps because its 
reflection of ultraviolet is practically nil. Neither do 
they understand why mat-surface diffusing aluminum 
reflectors are required for sunlamps, and highly pol- 
ished specular reflection aluminum reflectors are needed 
for germicidal lamps. 

If specular reflectors were used for sunlamps, there 
would be streaks and striations in the beam similar to 
those in the spots from flashlights. These would cause 


Fig. 12. The drying rays obtained from the infrared lamps in ovens such 
as these speed up industrial drying jobs 


Fig. 10. A small, smooth, strong, and 
cool-operating lamp is necessary for 
the business end of a bronchoscope 


Fig. 11. The heat from infrared lamps 
is used in therapeutic applications 
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streaks of sunburn when used with lamps for treatment. 
To eliminate this, mat-surface reflectors are necessary. 
On the other hand, the distribution of germicidal 
radiation must be very accurately controlled to prevent 
any of it from falling into the eyes of the occupants in 
rooms where these lamps are used. Only highly polished 
reflectors will give this accuracy of control. 


Lamps for Use in Human Stomachs 

Two.rather interesting problems involving no smal] 
amount of research and experiment were the develop- 
ment of lamps small enough yet strong enough and cool 
enough to be thrust down a baby’s throat into the 
stomach: one to enable the doctor to look down the 
tube of a bronchoscope and manipulate a small tool for 
closing and removing safety pins that baby swallowed, 
Fig. 10; the other to enable taking photographs of the 
interior of the stomach. 


Infrared Lamps 

The development of infrared lamps for therapeutic 
purposes also involved some interesting problems. The 
first of these was a study of the relative ability of 
radiant energy at different wavelengths to penetrate 
flesh. Studies were made by thermocouple measure- 
ments on dogs, and also by measuring the energy trans- 
mitted through the human cheek. 

It was found that shortwave radiation close to the 
wavelength of visible light penetrated most deeply. 
Sources emitting shortwave infrared were highly glaring 
and hence uncomfortable to use to treat congested 
sinuses, for example. Attempts were then made to 
produce lamp bulbs which would transmit near infrared 
yet filter out the visible glaring rays. Such bulbs were 
produced and marketed, but experience showed that 
some of these bulbs contained strains in the glass, 
undectable by a polariscope, which occasionally caused 
a lamp to fail violently. Currently, a lamp is being 
marketed in which a low-temperature filament emits 
radiation of reasonable penetration and not too much 
glare, Fig. 11. 

It then developed that many of these lamps were 
used in bathrooms. When water inadvertently was 
splashed on them, it caused the bulb to crack. To 
overcome this condition it was necessary to develop a 
hard glass bulb which, even while hot, would not crack 
when splashed with cold water. 
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Fig. 13. A group of sunlamps so named because their output resembles 
the natural radiation from the sun 


Another infrared problem was the development of 
drying lamps to speed up industrial drying jobs. Numer- 
ous tests were made to determine the wavelengths that 
would most readily penetrate various paints, lacquers, 
and enamels. This work resulted in drying jobs in a 
matter of minutes that previously had required hours. 
An example of one such application is shown in Fig. 12. 
But the high temperatures in these ovens resulted in 


disintegrating the cement used to hold the lamp bases » 


to the bulbs. This problem was overcome by developing 
a mechanical base which has no cement. 

Still another infrared problem was the development 
of a fingernail polish dryer. This involved an investiga- 
tion of the maximum temperature that the ladies could 
take with comfort on the sensitive, tender flesh beneath 
their-fingernails. _ 


Sunlamps 

Many interesting problems arose in connection with 
the development of sunlamps for use in the home. 
The American Medical Association ruled that no sun- 
lamp would be approved for home use except under the 


Fig. 14. Baby benefits from irradiation furnished by the family sunlamp 


direction of a physician if it emitted ‘‘an appreciable 
amount of ultraviolet radiation of wavelengths shorter 
than 2800 A.U.”’ Mercury-arc sources were the most 
potent emitters of the so-called health rays between 
2800 and 3200 A.U., but they also emitted some short- 
wave ultraviolet, 2537 A.U., which may cause severe 
conjunctivitis. The problem, therefore, became one of 
developing a special glass bulb to put over the quartz 
mercury-arc tube which would transmit readily the 
health rays but absorb the shortwave radiation. The 
problem has been successfully solved and the present 
Types S-1, $-2, 5-4, RS-4, and RS Sunlamps emit 
approximately only the same kind of radiation that is 
present in outdoor sunlight, Fig. 13. 


Fig. 15. This meter 
is are used to evalu- 
ate ultra-violet 
intensities 


The next problem involved a study by the Lighting 
Research Laboratory of the susceptibility of various 
people to ultraviolet, and the determination of the 
intensity in microwatts per square centimeter of ultra- 
violet that would produce minimum perceptible ery- 
thema on the average untanned skin. The ultraviolet 
susceptibility of people varies widely, and that of the 
same individual may even vary 100 per cent between 
winter and summer. 

Along with this research went a study of babies 
under closely controlled hospital conditions to de- 
termine by x-ray examination the rate of cure of rickets 
under ultraviolet radiation with other sources of 
vitamin D withheld from the diet. 

Following this basic research, service tests were 
conducted in many homes to find out how the average 
family would use a sunlamp—in which room the lamp 
was used most, how long and how oiten treatments 
were taken, what parts of the body were irradiated, 
what intensities were satisfactory, etc. Fig. 14 illustrates 
one phase of these service tests. In addition to home 


(5) Journal of the American Medical Assn., VOl. 102, Jan. 6, 1934, pp. 42-44, 
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Fig. 16. Mine workers cap lamps, one of which is shown here with Fig. 17. A314-watt battery-operated 


its battery, must undergo rigid safety tests before they can be used 


tests, group irradiation tests were made in offices, 
schools, etc. to determine the maximum intensity that 
the most sensitive occupant could take for a normal 
working day without getting sunburned. 

In the early days the potency of sunlamps was 
measured by exposing small areas on a test individual 
for different lengths of time and comparing the degree 
of reddening. Now, however, instruments similar to 
the one shown in Fig. 15 have been developed which 
use photoelectric cells to enable reading the intensity 
of ultraviolet as quickly and easily and as accurately 
as ordinary illumination is measured with a light meter. 


Mine Lighting 

No small amount of developmental work has gone 
into mine lighting. Even the small battery-operated cap 
lamps illustrated in Fig. 16 are subject to very rigid test 
by the U. S. Bureau of Mines to make certain that 
under no condition, even breakage, can they ignite the 
explosive gases found in some mines. 

Other tough problems were the development of 
lamps sufficiently sturdy to withstand the severe shock 
and vibration in use on automatic coal cutters and 
loaders, and in mine locomotive headlights. 


Railroad Signals 
Perhaps one of the most complicated problems, and 
one that took several years to solve, was the substitu- 
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Fig. 19. Shown here is the vibrat- 
ing filament of a small radio-dial . 
lamp. Such vibration, set up by 
_the loudspeaker, frequently re- 
sulted in short lamp life 


Fig. 20. This filament in a radio 
panel lamp is connected to a 
flexible mounting. Thus the wires 
and filament vibrate as a unit, 
reducing stress on the filament 


Fig.18. Weather Bureau pilot balloon 
equipped with a tiny maximum candle- 
power lamp and lightweight battery 


railroad-signal lamp 


tion of battery-operated electric lamps for oil lanterns 
on the thousands of miles: of railroads that had no 
adjacent power lines. The Electrical Testing Labora- 
tories tested various types of then standard oil railroad- 
signal lamps to determine the necessary candlepower 
and wattage of an incandescent lamp to give as good 


or a better signal than the oil lamp. A 344-watt lamp 


such as that shown in Fig. 17 was found to be satis- 
factory, but 344 watts burning continuously resulted 
in high battery renewal rate, and it was impractical to 
send out a man morning and night to turn the signals 
off and on. Therefore, a track relay was developed that 
would light the lamp on the approach of a train and 
extinguish it after the train had passed the signal. The 
use of batteries then became practical and economical. 
However, the filament of the incandescent lamp was 
so much smaller than the flame of the oil lantern that 
when used with standard signal roundels the beam 
spread was so narrow that the signal could not be seen 


around curves. To overcome this, special lenses were - 


developed by the lens manufacturers. But the color 
of the light from the incandescent filament was enough 
different from that of the yellow oil flame that it slightly 
distorted some of the signals so that in hazy weather 
they were sometimes questionable. More experimental 
glass mixes were necessary to develop lenses that with 
an incandescent lamp back of them would exactly 
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‘match the colors of the oil signals which had been 


standardized by the Signal Division of the American 
Railway Association. 

Three years of research and development work were 
required before the whole system was presented to the 
American Railway Association, and accepted by them. 


Pilot Balloons 

For many years the United States Weather Bureau 
sent up pilot balloons bearing lighted candles. These 
were followed with a theodolite to determine the wind 
direction and velocity. Occasionally these candles 
would come down on a farmer’s haystack, in a dry 
forest, or on a building, and start a fire. 

To overcome that difficulty small battery-operated 
incandescent lamps were developed. This involved the 
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design of a special lamp of maximum candlepower, 
having about one-hour life, also the construction of 
lightweight batteries to be lowered gradually by a 
parachute, when the balloon burst in the high altitude, 


to avoid the possibility of injury by hitting somebody 


on the head. Fig. 18 illustrates these specially designed 
features of pilot balloons. | 

The voltage of ordinary dry cells decreases with use, 
with a corresponding drop in candlepower of the lamp. 
Hence, as the balloon got farther and farther away the 
lamp became dimmer and dimmer, whereas to maintain 
visibility it should increase rather than decrease in 
Candlepower. Considerab'e effort has been put into 
developing a battery-lamp combination that would 
have exactly the reverse of ordinary flashlight lamp- 
battery-time-candlepower characteristics. 


Radio Panel Lamps 
With the wide application of small lamps for lighting 
radio dials there developed many complaints of short 
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Fig. 21. Parabolic reflectors for light- 
to the 
effective utilization of the lamps 


Fig. 22. Automatic devices provide 
servicing of navigational lamps that 
otherwise might require daily attend- 
ance, often under adverse conditions 


life. Analysis of the problem showed that severe fila- 
ment vibration set up by the loudspeaker caused the 
difficulty. This vibration is illustrated photographically 
in Fig. 19. Many different filament forms and mounts 
were tried, but it was not until studies were made of 
the periodicity of vibration that a solution was found 
for the trouble. That solution consisted in developing 
a flexible mount so that the lead-in wires and filament 
would vibrate as a unit, Fig. 20, instead of the filament’s 
whipping up and down between the lead-in wires. 


Lighthouse Service 

For many years oil and acetylene lamps were used in 
thousands of lighted buoys and range lights. These 
had to be visited frequently, in some cases daily, for 
cleaning, filling, hghting, etc. Experimental beacons 
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were developed to use battery-operated electric lamps. 
By using parabolic reflectors instead of lenses, a high 
percentage of the total light output of the lamp is 
utilized. These reflectors are shown 1n Fig. 21. By means 
of automatic sun valves the lamps are lighted at dusk 
and extinguished at dawn, thus conserving batteries. 
Even automatic devices to replace a burned-out lamp - 
were developed. Now, instead of daily attendance, 
often at great risk in time of storm, many of these 
lights are serviced only once or twice a year, Fig. 22. 


Flashlights ‘ 

An ever-present problem is the design of the ordinary 
little flashlight bulb. Actually, the design and manu- 
facturing problems involved in that lamp are greater 
than those of the ordinary 40-, 60-, or 100-watt lamp 
used for general lighting. For example, one of the 
factors controlling the life of the lamp is the filament 
length. If the filament of flashlight lamp No. 14 were 
shortened by 1 mm, or 12 per cent of its total length, 
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VOLTS (3 CELLS) 


MINUTES OF ACTUAL DISCHARGE 


the life of the lamp would be reduced approximately 


75 per cent, whereas if the filament of a 60-watt lamp 
were shortened by the same amount, or 1/5 of 1 per cent 
of its total length, its life would be reduced only 
approximately 2 per cent. 

The voltage of practically all single dry cells is 
initially 1.5. The rate at which this voltage decreases 
depends on (1) the size or capacity of the cell, and (2) 
how it is used, Fig. 23. If it is used intermittently (as 
most flashlights are) the average voltage throughout 


Fig. 23. Discharge characteristics of typical flashlight cells under lamp load life 1S quite different from what it would be if the lamp 


Fig. 24. Test table for the determination of 
battery characteristics as a preliminary to effec- 
tive lamp design 


Fig. 25. Handlanterns and flashlights present widely diversified design 
problems because of the differences in actual service conditions 
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were burned continuously. This average voltage is 
one of the things that determines both lamp life and 
lumen output. Many batteries have to be tested to 
determine their volt-ampere characteristics before a 
lamp can be designed for operation on the battery: 
a test table is shown in Fig. 24. 

After all these laboratory tests are run, it is necessary 
to find out how lamps are used in service; for example, 
meter readers use their flashlights far more often than 
does the average householder, and different designs are 
necessary for that class of service. Farmers’ handlan- 
terns are different and used differently from trainmen’s 
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Fig. 26. Special services even include 

the use of lamps as an inhaler. The 

filament surrounds a wick dipped in the 
medicament 


Octoher 1OAER 


ae 


handlanterns, and each differs radically from emergency 


lanterns hung around factories, hospitals, etc. for use 


in case the lighting line fails. Likewise handlanterns 
are vastly different from ordinary flashlights, Fig. 25. 
An enormous amount of service survey data is enlisted 
to find out how flashlights and handlanterns are used. 
Basically, it is the premise of the lamp manufacturer 
to design lamps at lives that give the consumer the 
greatest number of lumen-hours for his money. Some of 
that money goes for lamps and more for the current to 
operate them, but see what that involves! Household 
lighting rates are usually only a few cents per kw-hr, 
but current from the little fountain-pen type flashlight 
battery costs about $25.00 per kw-hr. 


Operating Temperatures 

Another problem that came into the picture with 
fluorescent lamps, and applies also to germicidal lamps 
and fluorescent sunlamps, is operating temperatures. 
These lamps have the unusual characteristic that their 
light or ultraviolet output decreases seriously at low 
temperatures, and below freezing they may fail to start. 
Light output also decreases at high temperatures. In 
spite of this, people want to use such lamps in refriger- 
ators and in the ovens of electric and gas ranges, as well 
asin barns that may be well below freezing in the winter 
and well above 100 deg in summer, necessitating more 
service tests and the development of such contrivances 
as enclosing tubes to keep cold drafts off the lamps. 


Unusual Uses of Lamps : 

Then come many unusual uses. A large toy manu- 
facturer wants a lamp -that will produce intermittent 
smoke for his electric locomotives. Another manufac- 
turer wants a lamp with a filament wrapped around a 
wick dipped into some fluid for the relief of nasal 
troubles, and the filament-wick combination enclosed 
in a bulb with a hole in it, Fig. 26. Somewhat similar 
but on a larger scale are perfume-dispensing lamps. For 
use in salvage operation, special diving lamps have been 
developed that will withstand the high pressures several 
hundred feet below the surface of the ocean, Fig. 27. 

Perhaps the latest, and one of the most interesting 
problems, 1s now under development in connection 


Fig. 27. Special diving lamps de- 

signed for intense illumination at 

great pressures encountered under 
water 


Fig. 28. Air-sampling equipment 
for use in evaluating the effectiveness 
of germicidal lamps 
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with the use of germicidal lamps. It entails the design 
and development of portable equipment that can be 
taken into schools, offices, theaters, pantries, dairies, 
etc. for counting the number of germs in the air with 
and without germicidal lamps in operation (Fig. 28). 


Eternal Light 

A most perplexing problem was the design of a light 
to burn forever to mark the site of the factory where 
Thomas A. Edison made the first incandescent lamps. 
‘‘Forever’’ is a long time. The solution consisted of a 
solid opal glass replica of Edison’s lamp enclosed in 
bullet-proof glass. Light was projected into the opal 
bulb from seven projectors enclosed in a concrete base. 
Those projectors contain very low-efficiency and hence 
indefinitely long-life lamps. Power is supplied from the 
lines of two separate utilities and below ground are two 
sets of Edison primary batteries to take over in the 
event that both utility lines fail. The entire monument 
is protected by a strong fence, and provision is made for 
periodic inspections from now to eternity (Fig. 29). 

Yes, there is an enormous amount of application 
engineering back of the lamp business! 


(8)"*“Sampling Air for Bacterial Content,’’ by Matthew Luckiesh, ity L 
Holladay and A. H. Taylor, GENERAL ELECTRIC Review, March, 1946, p. 8. 


Fig. 29. Lamp designed for the mereet ual commemoration of - Edison's 
contribution to the art 
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A Manufacturer Cuts 
His Production Costs! 


‘Bending over backwards for our cus- 


tomers: is. part of C-D’s service. Actually 
though,” designing a special type capaci- 
tor may not be so strenuous a job for 
us. Not because your capacitor problem 
is a breéze. It simply comes easier to us, 
than to most other manufacturers, to 


bend ourselves to specialized tasks. 


For, in the course of designing and man- 
ufacturing over 14 of a million different 
types of capacitors, our engineers have 
gathered a wealth of information, ex- 
perience, or call it “know-how” that 
speeds the solution to every problem 


CAPACITOR #1, This capacitor unit 
was designed for @ manufacturer of 


motors. Mounts directly on motor shaft. 


they handle. And the sooner your te- 
quirements are met .. . the more perfect 
the design — the greater are your savings. 
Typicat of the many problems C-D 
engineers have successfully licked are the 
capacitor types shown below. 


If your plans call for anything in capac- 
itors, consult with our engineers. Catalog 
of standard types available on request. 


Cornell - Dubilier Electric Corporation, 
South Plainfield, New Jersey. Five other 
plants in New Bedford, Providence, 
Worcester and Brookline. 


CAPACITOR # 4. Designed for spark 
suppressor applications in home ap- 
pliance equipment. An inexpensive de- 
pendable unit for competitively priced 
mixers, juicers, grinders, etc. 
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CAPACITOR #3. Standard paper 
tubular capacitor adapted for automo- 


bile ammeter, oil pump, 
filter applications, etc. 
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Clare Stepping Switch 
Dials Radio Telephone Call in 
3'/2 Seconds 


@ All or any one of 84 mobile units can be signalled in 314 seconds from 
the master station of ‘Fleet Control,” the new radio dial telephone system 
of the Hammarlund Manufacturing Company of New York. 


This attachment, or addition, to a standard two-way radio system, employs 
a Clare Direct Drive Stepping Switch to provide the selective calling of 
trucks, taxicabs, busses, maintenance trucks, or any mobile units with 
which communication is desirable. 


Calls are initiated by energizing the rotary stepping magnet of the Clare 
Stepping Switch which causes it to notch up the number of points called 
for by the digit dialed. It remains at this point to receive the impulses 
caused by dialing the second code number digit. Dialing of the four-digit 
code number, which must add up to 10, thus causes a succession of stepping 
operations which bring the rotary arm to Point 10. 


The only unit that will step up to Point 10 on the Clare Stepping Switch 
will be the one with the code identical to the four digit order of the number 
dialed. Unwanted units are not bothered with calls for other stations. 


Two Type ‘‘C” Clare Relays with pivot damping springs are also included 
in the Hammarlund ‘Fleet Control.’’ These Relays and the Clare Direct 
Drive Stepping Switch were selected for this service because of their maxi- 
mum reliability under the severe shock and vibration encountered in 
mobile operation. 


Experienced Clare engineers are located in principal cities to assist in your 
relay or stepping switch problems. Look them up in your classified tele- 
phone directory or write: C. P. Clare & Co., 4719 West Sunnyside Avenue, 
Chicago 30, Illinois. Cable address: CLARELAY. In Canada: Canadian 
Line Material Ltd., Toronto 13. 


**Custom-Built’’ Multiple Contact Relays 


Outside view of HAMMARLUND 
“Fleet Control’’ master station 


CLARE RELAYS 
AND STEPPING SWITCH MOUNTED 
IN “ELEET CONTROL.” This view of the sub 


assembly of the Hammarlund "Fleet Control” shows the 
location of the two Clare Relays and the Clare Direct 
Drive Stepping Switch. 


Use of these Clare products makes possible the signalling 
of 84 mobile units with a four digit calling number... 126 
mobile units with a five digit number. 


Other features of this Clare equipped unit give: 


Calls made and message started in 3 to 3% seconds. 


System returned from “in use” condition to normal 
standby in less than 0.6 seconds. 


Unwanted unils not affected by calls for other stations. 
Other units unable to break in during transmission. 
Any unit can call central station during standby. 

Any number of units can be coded identically for simul- 


taneous calls. 
All units can be called simultaneously or selected groups 


may be called. 


Specifications of Clare Ten-Point 
Direct Drive Stepping Switch 


Bank Levels . . . One, two or three, 

Operating Voltage... Nominal: 6, 12, 24, 48—Maxi- 
mum: 8, 16, 32, 58. 

Standard Test Voltage... 1000 volts. 


Maximum Operating Speed ...35 steps per second on 
48 volt switch under ideal conditions. Lower maximum 
on lower voltages. 
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APPLICATIONS OF THE THERMAL CONDUCTIVITY 
GAS ANALYZER 


Suitable for diversified ser- 


HEMICAL methods of gas analysis are the best 
known and most commonly used in determin- 
ing from a given gas sample the constituents 

and quantities of each contained in the sample. There 
are, however, many other methods of analyzing gases 
which fulfill certain specific requirements more ade- 


quately. These methods make use of the various 


inherent physical properties of gases. 


Existing Methods of Gas Analysis 
The following physical principles are utilized in these 
nonchemical type analyzers: 


(1). Electromagnetic wave absorption 
(a). X-ray photometer 
(b). Ultraviolet photometers and spectrometers 
(c). Recording spectrometer and related instru- 


ments 

_(d). Infrared spectrometer and related instru- 
ments 

(e). Attenuation measurements of centimeter 
waves. 


(1)‘‘Thermal-conductivity-type Gas Aralyzers,’’ by C. A. Hansen, Jr., 
GENERAL ELeEctrIic REviEw, April, 1940, p. 166-169. 

H. A. Daynes: Gas Analysis By Measurement of Thermal Conductivity, 
Cambridge at The University Press, 1933. : 


This article is so paged that, without mutilating other articles, it can_be 
Conve ncn removed for separate filing by tearing out pages 20 to 26.—EpD. 
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Fig. 1. Filament assembly for cell 
block of a thermal-conductivity-type 
gas analyzer, used as an arm of a arms 

Wi.eatstone bridge G 


Fig. 2. Schematic diagram of a tf er- 
mal-conductivity-type gas analyzer 


Cd 


(2). Emission spectra 
(a). Grating and prism spectrographs 
(3). Molecular weight 
(a). Mass spectrometer 
(b). Acoustic analyzer 
(c). Effusion 
(4). Density or specific gravity . 
(a). Density balances 
(b). Fan-coupled instruments 
(c). Centrifugal instruments 
(5). Thermal conductivity 


(a). Thermal-conductivity type gas analyzers 


No instrument using any one of these principles, 
such as the thermal-conductivity-type instrument 
described in this article, has all the features required by 
laboratories, factories, power stations, hospitals, garages, 
airports, mines, cold storage buildings, submarines and 


the many other places that employ gas analysis. That 


is, each of these different instruments is not necessarily 
capable of doing the same quality, quantity, or type of 
work as any of the others. Some are very intricate and 
made for analyzing very minute traces of a gas, while 
others may not respond appreciably until a change of 
one per cent or more occurs. However, instruments 
of the latter design are generally simpler, smaller, 


Milliammeter 


Rheostat 
Manganin 


Galvanometer 


> 


Reference 
arm. : Battery. 
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less expensive, easier to operate and service, and 
are probably amply sensitive for a great many 
applications. The instrument chosen will to a large 
measure depend on the type of measurements and 
service required. All of the nonchemical methods of gas 
analysis, where properly applied, have many advan- 
tages over the chemical method, especially where 
continuous analysis is desired. Since they are con- 
tinuously indicating, the indication given is a report 
of the current condition of the gas and not, as in the 


chemical method, a history of what it was when the 


sample was taken. Records can be made if desired, 
providing a continuous report of conditions, rather 
than a momentary picture. Also, other advantages 
such as alarm or control are naturally included. 


Of primary concern in this article is the application 
of thermal-conductivity-type instruments. 


Description of the Thermal-conductivity-type Gas Analyzer 

The thermal-conductivity-type instrument is a 
simple, dependable, inexpensive, and accurate non- 
chemical method of analyzing gases, utilizing the 
principle that different gases have different thermal 
conductivities. A listing of relative thermal conduc- 
tivities for common gases as compared to air is shown 
in Table I. 


TABLE I 


RELATIVE VALUES OF THERMAL CONDUCTIVITY OF 
VARIOUS GASES AND OF VARIOUS VAPORS OF 
; LIQUIDS AT ZERO DEGREES CENTIGRADE 


Thermal Conductivity 


Gas or Vapor Relative to air 


INCCLONE ieee eee ee es 2) Ol 40G 
fe a 208 
Argon.. a er ae ee ali raaiaet a tea emma ci. OL OS 
Benzene. Sed a ee ene ensenncn de. O10 
Carbon Dioxides. 4) 20 2 (0-500 
Carbon Disulphide:s: = i= ee OL 285 
Carbon Monoxide:s: 2320 re) 0.959 
Carbon Tetrachloride. ~.2.............. 0.288 (at 100 C) 
Chiorinesce5 8 Lee oe Woes menas. Qa 28 
_ Ethyl Alcohol. ee 10708 
Helium. 0.0... 2s eee eee ee eee 508 
Hydrogen... . RAN Graney ai aies Orie aimee Ae ONE 
Hydrogen Sulphide. OO es ae ae ae e le. G48 
uaa ue UE eee erin) OOD 
INeon. 3027 oa dE SMO aT Sa aR Fee ere OO, 
Nitrogen . Wat ae ee Sears ee ela COOLS) 
Nitrous Oxide. 0a Go 
Oxygen. gos: ova he SATE  Aae Nae ite Mayenne ty tas eeerceles (i: 
Sulphur Dioxide. . Rae ier ay on Ue 


If the same value of current is passed through two 


identical tungsten filaments axially placed in suitable 
identical cylindrical chambers with the same atmos- 


phere surrounding both, they will become equally 
heated. Hence, their resistances will be increased an 
equal amount. However, if the atmospheres are 
different, the filament resistances need not necessarily 
be equal and will not be if the thermal conductivity of 
the gases are different. This is the fundamental operat- 
ing principle of the thermal-conductivity-type gas 
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Fig. 3. Complete assembly of the gas-analyzer cell block 


analyzer. A typical filament for the gas analyzer is’ 
shown in Fig 1. A convenient and practical means of 
employing this principle consists of connecting a pair of 
identical filaments and resistors into a standard four- 
arm bridge such as the one shown in Fig. 2. 


The reference arm is a filament sealed in a gas of 
known properties. The analyzer arm is also a filament 
but its envelope is left open to permit flow of the gas 
being analyzed. Since the bridge is balanced when the 
reference-arm gas and the gas being analyzed are the 
same, there will be no output to the galvanometer. 
But if a gas of a different nature is passed through the 
analyzer arm, the bridge will become unbalanced and 
a definite bridge-output voltage will appear on the 
galvanometer. The amount of deflection will depend 
on the constituents of the gas being analyzed and will 
be a direct indication of their ratios. It is customary 
and convenient to place both filaments into one 
metallic block together with equipment which keeps 
the block at constant temperature, as shown in Fig. 3. 


Applications 

The T. C. (Themauale -conductivity-type) gas analyzer 
renders valuable assistance to the modern power sta- 
tion. Analysis of flue gases for per cent of carbon- 
dioxide content provides a key for efficient boiler 
opetation. The proper operation of high-pressure 
boilers is facilitated if the free oxygen and hydrogen 
in the boiler water is known. This is done by scrubbing 
the gas from the water and pre-treating it before it is 
fed to a thermal-conductivity cell for continuous 
analysis. 


In the operation of the hydrogen-cooled turbine- 
generator it 18 Important to know the concentration 
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of hydrogen within the machine at all times from both 
the standpoint of safety and economy. An installation of 
a typical instrument of this type is shown in Fig. 4. To 
prevent the formation of explosive mixtures of hydrogen 
and air, the original hydrogen admission into the ma- 
chine must take place by using an inert gas to replace 
the air; and for the same reason the inert gas must also 
be used in the eventual removal of the hydrogen. The 
T. C. gas analyzers are currently being used for these 
applications. 


' Medical. The medical profession has long been known 
to employ gases in scientific research and in treatment 
of disease. In the study of biochemical reactions,® the 
rate of metabolism is determined by measuring the 
quantity of carbon dioxide and oxygen evolved in the 
exhaust gases of insects. A new treatment for infantile 
paralysis® consists of administering a mixture of 
five per cent carbon dioxide in oxygen for a period of 
24 to 38 hours. A long-sought method for measuring 
true lung capacities“ has been developed and is made 
practical because gas concentrations are quickly 
indicated. The T.C. gas analyzer is admirably suited 
for all of these applications. 

Chemical and Electrochemical. Many chemical and 
electrochemical processes utilize T. C. analyzers as 
continuous indicators, recorders, or controllers of gas or 
vapor concentrations. Among these processes are the 
manufacture of ammonia, sulphur dioxide, liquid air, 
electrolytic hydrogen and oxygen, chlorine, solvents, 
and resins. In the development and pilot-plant stage of 
chemical processes involving vapors or gases, variations 
of the thermal conductivity, even in multicomponent 
systems, have given valuable clues, which, with skillful 
interpretation by the chemist, have added materially to 
the improvement of the process. 

Heat Procesing. Controlled heat-treating and anneal- 
ing atmospheres require continuous automatic analysis 
to eliminate the risk of improper processing or spoilage. 
A representative inert controlled atmosphere is made by 
burning city gas. Its analysis is approximately ten per 
cent carbon dioxide, one-half per cent hydrogen, one- 
half per cent carbon monoxide, and 89 per cent nitrogen. 

As long as the gas is on the reducing side, the ratio of 
carbon dioxide to hydrogen is related to the gas-air 
ratio in such manner that the thermal conductivity 
increases with increasing gas-air ratio. This rise in 


thermal conductivity is the result of increasing amounts 


of hydrogen. When the gas goes over to the oxidizing 
side, the carbon dioxide content slowly decreases which 
again results in rising thermal conductivity. Operation 
on either side of neutral can be had but the sensitivity 
is greater on the reducing side because of the hydrogen. 
Where hydrogen may be used as the control index, 
almost any complex gas is readily handled by T.C. 
analyzers or controllers. 


(2)“Adaptions of Thermal Conductivity Method to the Analysis of 
Respiratory Gases,’’ by P. G. Ledig and R. §, Lyman. Journal of Clinical 
Investigation, 1927, vol. 4, p. 495. _ 

(2)“‘Carbon Dioxide for Polio,’’ Sctence News Letter, vol. 12 p. 227, October 
1945. 

(4)‘‘Use of Helium for Determination of Pulmonary Capacity,’’ by George 
R. Meneely and Nolan L. Kaltreider, Proceedings of the Society for Experimental 
Biology and Medicine, 1941, vol. 46, p. 266. 
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Among the processes in which controlled atmos- 
pheres are utilized is the annealing of copper wire 
after it has been drawn. Properly controlled, this 
process will prevent hydrogen embrittlement or oxi- 
dation of the copper. Heat treating of carbon steels so 
that there is no gain or loss in carbon content, brazing 
processes, and the heat treatment of iron, copper, silver, 
nickel, and many alloys are examples of operations 
which occur in atmospheres that are or can be con- 
trolled by thermal conductivity equipment. 


Other Applications. A less known use for the T.C. gas 
analyzer is the detection of ‘‘fire damp” in mines. Its 
purpose here is to warn of explosive atmospheres. 
Another use is the measuring of helium and hydrogen 
concentrations in blimps and dirigibles. The T.C. gas 
analyzer (Fig. 5) is useful in high-vacuum work where 
leak testing is accomplished by detecting the passage 
of a gas, such as helium, from the outside of the equip- 
ment to the inside. Its purpose here is to determine the 
original concentration of thegas used for testing. Balloon 
fabrics are tested by using a T.C. analyzer to measure 
the rate of diffusion of hydrogen through the material. 


The manufacture of some lamp bulbs“? requires the 
charging of the lamps with 86 per cent argon and 14 
per cent nitrogen under reduced pressure. A marked 


(5)‘‘Controlled Atmosphere Indicator,’’ by C. A. Hansen, Jr., GENERAL 


' Evectric REviEw, April 1943, p. 221. 


(6)H. G. Deming: General Chemistry. New York, John Wiley & Sons, Inc., 
1944, p. 108. 


Fig. 4. Front view of hydrogen control cabinet for 
hydrogen-cooled turbine-generators 
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Fig. 5. Helium indicator used to give positive and continuous indica- 
tion of gas purity 


increase in efficiency is obtained by carefully controlling 
the mixing of these gases. It has been found that fresh 
fruits and vegetables in cold storage can be kept in 
better condition if the carbon dioxide which they 
evolve is held below a certain maximum concentration. 
Automatic control can be obtained by using the control 
feature of the T.C. gas analyzer for operating the 
ventilating system. Hydrogen generated by the banks 
of storage batteries within a submarine is an ever- 
present menace. Indication, alarm signals, and auto- 
matic control are used here for safety reasons. The 
guesswork in adjusting the carburetion of internal 
conbustion engines, such as are used in aircraft and 
automotive equipment, is eliminated by using a T.C. 
gas analyzer to determine the carbon dioxide content 
of the exhaust gases. 

When properly adjusted, the analyzer not only 
increases the maximum power available but also reduces 
fuel waste, carbon deposits within the engine, carbon 
monoxide production, and engine-oil dilution by 
gasoline. 


Advantages and Limitations 
The numerous advantages of this type of gas 
analyzer may be conveniently summarized as follows: 


(1). Nondestructive of the gas measured 


(2). Requires very small amounts of gas for 
analysis and the gas can be returned to the system 


(3). Fast response. Six seconds to two minutes for 
full-scale response, depending upon cell size and 
operating pressure 

(4). Continuous in its indication 

(5). Independent. of ordinary pressure changes 
if not rapid enough to cause excessive flow of gas 
within the cell 


(6). Can be made independent of ordinary ambient 
temperature changes 


(7). Requires comparatively little attention 


Several limitations of this analyzer should be 
observed in the application of the equipment: 


(1). It is not suitable for detection of traces of one 
gas in another. The practical limit of accuracy varies 
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from approximately one-tenth per cent by volume to 
one or two per cent, depending upon the gas, the range 
to be covered, and the type of instrument used. 

(2). A five per cent difference in thermal con- 
ductivity between gases can be made to give full-scale 
deflection. Gases closer than this in thermal con- 
ductivity cannot be satisfactorily analyzed 

(3). Systems of more than two gases can be 
analyzed only if special conditions are met: 


(a). By comparison of thermal conductivities 
before and after removing chemically one 
or more of the components. This can be 
done continuously 


(b). If only one gas is of interest and its 
thermal conductivity is substantially 
different from that of the residual gases 
and they in turn have either nearly equal 
conductivities or maintain a ratio among 
themselves or to the principal gas 


Usually, a particular instrument is applicable only 
to a definite range of particular gases. An analyzer 

which can be used on six different gas ranges is 
shown in Fig. 6. 


Fig. 6. Multiscale gas analyzer with recording milliammeter 


(4). In general, operation at temperatures above 
60 C is undesirable since: 


(a). Filament temperatures may become too 

high for stable operation 

(b). The temperature coefficient of thermal 
conductivity is such that the gases tend to 
approach the same thermal conductivity 
at some elevated temperature, resulting 
in loss of sensitivity 


(5). Rapid changes in pressure cannot be tolerated 
since excessive flow within the cell will give con- 
vection cooling which will result in an erroneous 
reading during the pressure change 

(6). It is not an absolute instrument; and to main- 
tain the highest accuracy, occasional single-point 
checks should be made 

(7). Each instrument is designed and calibrated 
for a particular application. To use it for another set 


(Continued on next page) 
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TORQUE REDUCED TO A MINIMUM 


MICROTORQUE — 
POTENTIOMETERS 


for Remote Recording 


Solve remote control and position repeating prob- 
lems by adapting Microtorque Potentiometers to 
your particular needs. Built like a fine watch, 
Microtorque Potentiometers convert mechanical 
movement into proportional electrical voltages 
without causing excessive drag in sensitive mechan- 
ical measuring systems. A simple yoke adaptation to 
the instrument pointer makes these tiny, ultra-low 
torque units ideal for take-offs from low torque 
indicating instruments. Microtorque Potentiome- 
ters may also be used as primary control elements 
in bridge type circuits to operate directly recorder 
controllers, recording galvanometers, oscillographs, 
polarized relays and telemetering circuits. 


FEATURES: 


Vibration-proof 4 to 55 cycles up to 6 G. 
Resistance values 100 to 2500 ohms. 
Higher ranges on request. 

Input torque less than .003 oz. in. 
Power dissipation of 2 watts. 

Linearity 2 % or better. 


Weight less than 34 ounces. ; FULL 
Size 1” x 1%,” SIZE 


Manufacturers of remote pressure transmitters, 


controls, and aircraft compasses 
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of gases requires recalibration; and in some cases major 
alteration or even re-design may be necessary. 


Pressure Range : 
Theoretically, the thermal conductivity of gases is 
independent of pressure except where the mean free 
path is appreciable in comparison to the cell radius. 
Below this pressure the variation of thermal conduc- 


tivity with pressure is large; this is the principle used 


in the Pirani Vacuum Gage. 

Actually thermal-conductivity cells show a slight 
pressure dependence throughout their operating range. 
The low-pressure end of this range is determined by 
the rapid change of thermal conductivity with decrease 
in pressure. The upper limit of usefulness is determined 
by the appearance of convection losses. This limit will 
be higher with smaller cell diameters and lighter 
gases. A cell of 0.120 in. dia. has been constructed which 
will operate satisfactorily on hydrogen up to a pressure 
of 115 lb absolute, and will probably do so at even 
higher pressures. The same cell shows greater pressure 
dependence with carbon dioxide throughout its range. 
The practical limit for carbon dioxide appears to be 
55 lb absolute as indicated by the curve in Fig. 7. 

The change in calibration for several pounds varia- 
tion in pressure is negligible in most cases. If necessary, 
corrections are readily applied. Cells have been built 
to measure hydrogen in carbon dioxide at pressures as 
low as 4 cm Hg absolute. The use of a correction curve 


such as the one in Fig. 8 enables the accuracy of 


analysis to be maintained within 0.1 per cent hydrogen. 
If the reference cell is kept at the same pressure as 


the analyzer cell, little or no correction is required and © 


it could be operated beyond the limits previously 
described. This can be done by maintaining equal 
pressures with the aid of a differential manometer or 
by continuously supplying reference gas through a 
constriction at the entrance of the cell and venting it 


(7)‘* Thermal Conductivity Methods for the Analysis of Gases,’ ’Technologic 
Paper of Bureau of Standards No. 249, by P. E. Palmer and E. R. Weaver, 
January 7, 1924 p. 35. 


15 


| MV. = 2 PERGENT ADDED AIR 


3 


MILLIVOLT OUTPUT 


| MV. = GHANGE IN 
PURITY OF | PERCENT 


on 25 50 SES 100 
GAGE PRESSURE PS| 


Fig. 7. Variation of voltage output of analyzer with changes of carbon 
dioxide and hydrogen pressure in the analyzing arm 
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to the exhaust of the analyzer cell. Normal precautions 
to prevent back diffusion from reference to analyzer 


cell must be taken. | 


Response Time 
The speed of response of these instruments is 
dependent upon | 


(1). Mass of the filament 

(2). Volume of the cell 

(3). Response of indicating instrument 

(4). Capacity of sampling line and its rate of flow 
(5). Pressure and nature of the gas 


The average wire filament used is in equilibrium with 
its surroundings within one second. Heavier filaments 
shielded for corrosion resistance may take several 
minutes for complete response. 
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Fig. 8. Variation of voltage output of analyzer with changes 
of pressure of carbon dioxide and hydrogen mixtures 
in the analyzing arm 


_ Cell volumes vary from 8 cc to 0.25 cc or even less. 
The air flow permissible at normal pressures would be 
approximately 20 milliliters per minute to 3 milliliters 
per minute for the smaller. This is the flow directly 
through the analyzer cell itself. The total flow might be 
several hundred milliliters per minute since a suitable 
fraction can be by-passed at the cell. Greater flow is 
permissible for hydrogen and less for carbon dioxide. 
The number of gas changes per minute seems to favor 
the small cells, particularly those with small diameters. 
Those cells that obtain their gas changes by diffusion 
(Fig. 5) are more nearly independent of flow but are 
slower in response. 

Electrical indicating instruments can be made to 
give full-scale response in less than a second although 
they generally require from two to four seconds. The 
average potentiometer-type recorder requires from 
five to 20 seconds for full-scale deflection. 

For fast response, the capacity of the sampling line 
should be kept small by using small tubing and short 
runs. Increased rate of flow with a by-pass at the cell 
can reduce sampling time lag to a few seconds. 

Increasing the pressure decreases the permissible 
flow through the cell and this increases response time. 
Reduction of pressure to 1/3 to 1/10 atmosphere will 


(Continued on next page) 


“ae 


October) 1946 4% te 


GENERAL ELECTRIC REVIEW 


THE 90630 


Ultra-High Frequency Calibrator 


The Millen 90630 cavity-type Frequency 
Calibrator covers the frequency range of 
200 to 700 Mc. with a maximum error of not 
over 0.25%. This range is covered by two 
plug-in cavity-type tuning units which may 
be easily interchanged. It may be used on 
harmonics up to 1500 Mc. at somewhail 
reduced sensitivity. 

The calibrator consists of an accurately 
calibrated cavity-type tuning unit, a crystal 
detector, a two-stage video amplifier, and a 
peak reading VT voltmeter. 

Send for catalog sheet with full engineering 
details. 


-PRENOLITE 


LAMINATED 
PLASTIC 


provides low dielectric losses 
..- high operating efficiency 


Because of its low power factor and low moisture 
absorption, Phenolite laminated plastic is especially 


Valuable, illustrated 
handbook outlines specifi- 
cations and uses of 
Phenolite Laminated 
Plastic. Write for your 
FREE copy today. 


NATIONAL VULCANIZED FIBRE CO. 


WILMINGTON | 


rf~7 


suitable for electrical insulation—such as in low- 
loss relay spacers shown here. But, its rare combina- 
tion of properties makes it broadly adaptable for 
efficient, economical use in many industries. Light 
in weight (about half that of aluminum). Excep- 


tionally resilient and high in impact 
strength. Resistant to abrasion. Good 
machinability. Resists heat and moisture. 
Not affected by solvents and oils. For 
complete information and valuable Hand- 
book, write to— 
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%* And that means a lot! Those 
green-colored inorganic-cemeni-coated 
Clarostat power resistors are now 
found in most assemblies that are 
built to last. These resistors positively 
“stay put’. And they are brutes for 
punishment. Standard units: 25 to 
200 watts adjustable; 10 and 20 
watts fixed. Special units to meet any 
unusual needs. > Submit your 
requirements. 


CLAROSTAT MFG. CO., Inc, - 285-7 N. 6th St, Brooklyn, ¥. 
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speed up response time five to ten times. A rough rule 
of thumb is that the mass of gas through the cell per 
unit of time is constant; 1.e., if the pressure is reduced, 
the volume flow can be increased. A’ heavier gas will 
require a lower flow rate than a lighter one. 


Evaluation of these response-time factors shows that 
a response time of approximately two seconds is 


possible. Instruments with response times of six seconds 


have been built. The average is between one and two 
minutes; with glass-covered filaments, seven to eight 
minutes. | 

If the quantity of sample available is small, static 
measurement can be made with volumes of less than 
one cubic centimeter. 


Summary of Applications 

Among the various nonchemical gas analyzers that 
have been mentioned earlier, the T.C. gas analyzer is 
generally simpler and less expensive, excepting possibly 
the density-type gas analyzer. The density-type instru- 
ment is, as a rule, less sensitive and is considerably 
more affected by gas temperature and pressure. 


Where continuous or frequent gas analyses are 
required, or where alarms or controls are necessary, it is 
certain that the T.C. gas analyzer is more desirable 
than chemical analyses because it is faster, continuously 
indicating or recording, and in the long run less ex- 
pensive. It can be easily operated by unskilled oper- 
ators and is able to withstand ordinary shop usage 
without impaired accuracy. 


Development work is now in progress which may 
enable the T.C. gas analyzer to be used by bakeries, 
the synthetic chemical industry, the petroleum in- 
dustry, and many other industries, for the purpose of 
controlling the amount of heat which will be available 
from a unit volume of fuel gas. It wiil be possible to 
accomplish this by controlled mixing of other hydro- 
carbons with natural gas. Many new uses for the T.C. 
gas analyzer are expected in the synthetic chemical 
industry. 
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SILVER 
COATING 
EQUIPMENT 


For every type electri- 
cal requirement where 
silver coatings are 
needed! Also other 
_ metals. Write for folder! 
Or, ca'l nearest office. 


RAPID ELECTROPLATING PROCESS, INC. 


1414 S. Wabash Ave., Chicago 5, Illinois 


621 Graybar Bldg., 237 Rialto Bldg., 
New York 17, N. Y. San Francisco 5, Calif. 
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NON-INDUCTIVE RESISTORS 


FOR HIGH R-F USES 


Sprague Koolohm type SIF super 
non-inductive resistors have solved 
many serious problems in high-fre- 
quency radar and communications 
work involving dummy loads and 
dummy antennae, line terminations, 
rhombic antenna phasing resistors, 
and others—wherever there is need 
for power wire-wound resistors hav- 
ing extremely small phase angles. 
These SIF units are made in seven 


A Large Governmen 


“Preliminary measurements on the 
Sample No. 878, Type 120SIF resis- 
tors have indicated that these resistors 
should fulfill the requirements of the 
intended service. Over a frequency 
range from 6 to 15 Mc and with six 
units connected in parallel the imped- 
ance (R+JX) varied from 49+J4.3 


types, with power rating from 15 to 
150 watts. Typical maximum phase 
angle values, measured at 3MC are 
as follows: 
5 ohms to 26 ohms... 20° 
27 ohms to 99 ohms... 12° 
100 ohms and higher... 6° 
For complete details write for the 
new catalog of Sprague Koolohm 
wire-wound resistors for eyery 
requirement. 


t Laboratory Reports: 


to 51+J6.3. At a frequency of 10 Mc 
and with each unit measured singly, 
the resistance of six units varied from 
295 to 306.5 ohms and the reactance 
varied from 0 to —4.2 ohms. The 
higher reactance obtained for the par- 
allel arrangement is partially due to 
the necessary connecting buss bars.” 


SPRAGUE ELECTRIC COMPANY 


RESISTOR DIVISION 


spnacur OQLOHM 


Reg. U.S. Pat. OF. 


NORTH ADAMS, MASS. 
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The HYSPLICE is 
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FOR LOOPS AND TENSION LINES 


The Burndy Hysplice supplies the answer to the problems of loose connections, 
corrosion, and burn-offs, on high tension and overhead lines. 


Available in types for copper and ACSR, the HYSPLICE is readily installed 
with familiar Burndy portable hydraulic HYPRESSES, with suitable dies. The 
Burndy method of crimping provides the following advantages: 


1. develops the full strength of conductors, where needed. 
2. provides low resistance connections even on oxidized conductors. 
3. rounded surfaces reduce corona discharge. 


Each Burndy HYSPLICE is filled (sealed ready for use) with a special compound 
PENETROX “A” for ACSR—PENETROX “C” for copper, which wipes oxide 


from conductor surfaces during installation, reducing transverse resistance — 


permanently seals against corrosion — and, keys connector to conductor for 
greater mechanical strength! | 


Ask your local Burndy representative for details, or write... 


Burndy Engineering Co., Inc., 107M Bruckner Blvd., N. Y. 54, N. Y. 
tn Canada: Canadian Line Materials, Ltd., Toronto 13 
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When mill-ordered Armco Electrical 
Steels are unloaded in your plant 


you can be sure of this: 


The steel is “job-tailored” to your 
needs — before and during rolling 
operations. Metallurgists and mill 
representatives see that you get the 
one right steel for your products. 

For almost 20 years Atmco men 
have called this “Q. C.”— Quality 
Control. Metallurgists who study 
your requirements specify the analy- 
sis of steel, the temper rolling, an- 
nealing, and all other operations that 
affect the qualities of finished sheets 
and strip. Then mill operators follow 
through closely with these instruc- 


e 
Special -Purpose 
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tions on your individual routing card. 


In recent years, Armco control 
charts and statistical analyses have 
further helped assure consistent pro- 
duction of prime electrical steels. 
They are an added safeguard for the 
steels that go into your products. 

“Quality Controls” like these are 
one reason why leading manufactur- 
ets look first to Armco for special- 
purpose sheet steels. 

Back of it all are the research and 
experience that contribute to a high- 
er “Q. C.” at our end and better 
quality at yours. The American Roll- 
ing Mill Company, 4231 Curtis St., 
Middletown, Ohio. 


Export: Armco International Corporation 


The American Rolling Mill Company 


Sheet Steels - Stainless Steel Sheets, Bars and Wire 
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We urge you to collect every 
pound of iron and steel scrap, in- 
cluding unused and obsolete equip- 
ment. Speed it to the steel industry 
through your regular channels. Pres- 
ent high production cannot be main- 


tained unless more scrap is shipped 
to the mills promptly.: The situation 
is critical; so act today. 


ASPECTS OF GREASE CORROSION 


Volatile low-molecular-weight acids produced by greases. 
Formation of green verdigris on copper surfaces, its un- 


desirability questioned, and an improved method of testing 


By H. A. McCONVILLE 


Schenectady Works Laboratory 


General Electric Company 


ITH the increased use of grease as a lubricant 

for ball and roller bearings, the occasional 

troubles resulting from corrosion are apt to 
become more numerous. But for the purposes under 
consideration here, the ability of a grease to protect 
a surface from outside atmospheres or conditions which 
may promote rusting or other forms of corrosion is not 
in question. Under certain conditions, such as the 
liberation of volatile acids, the grease itself may be an 
important cause of corrosion, although the mere 
presence of such corrosion is not necessarily detri- 
mental. It is this point, the self-caused corrosion of 
grease, coupled with the problem of determining its un- 
desirability, that is of concern. 


The question arises, ‘‘What might be present or be 
developed by the grease that will cause chemical attack 


on metal surfaces?’’ If corrosion be defined to include 


the green verdigris forming on copper and its alloys, 
and any other stains that may form on other metals, 
then the presence of acids, strong alkalies, or sulphur 
compounds may play a part. 

Normally, greases do not have inorganic or mineral 
acids present. The majority of greases at the time they 
are manufactured are practically neutral or slightly on 
the alkaline side but occasionally greases are found to 
contain as much as 0.2 to 0.3 per cent of free acid (calcu- 
lated as oleic acid). , 

A case occurred a few years ago in which some gear 
boxes that were packed with a calcium-base pressure- 
lubricator grease were shipped, but were recalled in a 
few months because of a change in design. When the 
cover was removed, the gears, shafts, box walls, and 
every metal component in contact with the grease 
was badly rusted. 

Analysis of the greasé showed it to be strongly acid 
and very high in chlorides. It was, therefore, assumed 
that hydrochloric acid had been introduced. A check 
of the grease supply itself gave no indication of the 
acid being present. The contamination must have 
occurred at some point between the store room and 
the point where the gear boxes were assembled. If such 
cases of deliberate or accidental contamination are 
eliminated, the possibility of mineral acids being present 
is very small. 


This article is so paged that, without mutilating other articles, it can be 
conveniently removed for separate filing by tearing out pages 30 to 31.—Ep. 
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Present Corros:on Test 

The corrosion tests used at present for greases is 
essentially the same as the old test used for showing the 
presence of sulphur compounds. A clean polished copper 
surface is immersed in the grease for a stated period of 
time at room temperature or at an elevated tempera- 
ture. At the end of this time’ there should be no etching 


of the copper or darkening of the surfaces. This darken- 


ing color can come from free alkali as well as from 
sulphur compounds. The green corrosion caused by 
volatile acids is not evaluated or analyzed in this test. 
At present, there is no series of tests performed which 
provides for this analysis or evaluation. 


Formation of Acids 

As a grease oxidizes with time or service, it usually 
produces free organic acids which will vary in com- 
position with the source of the oil, soaps used, method 
of manufacture, and other various factors. In general, 
the presence of these acids does not cause iron or steel 
surfaces to rust, but instead has a tendency to inhibit 
rusting. 

Under certain conditions of moisture or highly 
humid atmospheres, copper or its alloys may turn green 
and the grease may also be colored green from the 
formation of copper soaps. 


A certain proportion of these organic acids formed 
will be of the lower molecular weight variety, probably 
either acetic or butyric acids, and the remainder 
probably palmitic, oleic, or stearic acids. Acids of the 
water-soluble type, which includes formic, acetic, pro- 
pionic, butyric, and valeric acids, can be corrosive in the 
presence of moisture, if the percentage present is large 
enough. The higher molecular weight acids, if not con- 
taminated with the lower weight acids, should not 
attack the metal. 


Recently, one large manufacturer encountered an 
excellent example of corrosion of copper and its alloys. 
Gear boxes were being built with bronze gears, and 
the lubricant specified was one of the first low-tem- 
perature greases manufactured. Some of those units 
had been packed with grease, and had been standing on 
the factory floor for several days at room temperature. 
Before being shipped out, they were examined and the 
grease in the box was found to be dark green, and the 
bronze was darkened in color. The green indicated that 
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the grease had attacked the bronze surface, and that a 
copper soap had been formed. 

The first thought was that a faulty washing process 
might have caused this condition, so the gears were 
carefully cleaned and the gear box repacked. The same 
corrosion was again evident. The question arose as to 
the value of grease of this type, and if its continued 
use was advisable. 

The first idea was to replace the grease at once with 
a product that would not form copper soaps. The 
change in color that results from the chemical action 
of grease on copper is alarming in itself, and implies 
that something is radically wrong with the grease. 
Also, copper in the form of copper soaps is an active 
catalyst to oxidize an oil. : 

If its presence made the oil in the grease become acid 
quickly, a chemically unstable grease in which the oil 
and soap would separate easily might result. 


Desirability or Undesirability 

It was contended, for example, that the greening of 
bronze and the coloring of grease had no detrimental 
effect on its lubricating qualities. In fact, the formation 
of such soaps was considered an advantage, especially 
in cases where the gears might not be used for long 
intervals. It was thought that soap formation provided 
a film of lubricant on the gear teeth, so that lubrication 
was already present when the apparatus was put into 
operation. 

The theory was also advanced that lead soaps which 
formed where lead was in contact with the grease were 
also beneficial. This might be more easily proved, as 


lead soaps are added to gear oils to increase their load . 


carrying capacity in mild extreme-pressure types of 
lubricants. 

Before the decision to use the grease, made necessary 
by circumstances in this particular case, was made, 
several theories and opinions were advanced. 

Data have not been presented yet to show that with 
copper this is not harmful although the copper color 
may not be noticeable when it is hidden by the dark 
color of the original grease. It has also been said. that 
every investigation of compounds formed by the 


Fig. 1. A copper surface not yet in contact with grease. This inner sur- 
face of a small strip bent at right angles will project upward above the 
surface of the grease. Scratches are the result of an emery polish. The 
leg projecting toward camera, at the bottom of this illustration, will be 
submerged in the applied grease. Magnified approximately four times. 
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action of the grease on copper or its alloys has shown 
that the compounds were not crystalline, but were 
amorphous and suitable for.lubrication. 

Where bearing pressures are relatively high, it is 
entirely possible that there may be some beneficial 
properties added to the grease by the formation of a 
copper soap. If a grease is properly made from suitable ~ 
soap bases and oils, and using corrosion inhibitors, it 
can be rendered quite resistant to the formation of 
copper soaps. | | 

If a grease of this type is to be used, those using it in 
a production capacity and the final user should be 
warned as to what to expect, so that they will not be 
alarmed at the color change. For instance, if smeared on 
a polished strip of copper and left overnight in an oven 
at 175 F, the grease will become green and the copper 
strip itself will be entirely blackened. Many of the low- 
temperature greases, if smeared on a copper strip and 
hung in a 100 per cent humidity atmosphere at 100 F 
will also turn green. 


Improved Test 

Although there are very few questionable greases 
now on the market, a better corrosion test for greases 
as a whole should be developed. The present practice 
of wholly immersing a copper strip in the grease is not. 
desirable. A method which should be more satisfactory - 
would be to have a strip of polished copper such as the 
one shown in Fig. 1, 2 in. long by 1 in. wide bent at 
right angles, and, partly immersed in a dish containing 
grease, put in an oven at a temperature of 175 F fora 
24-hour period. 

If volatile or low-molecular acids are liberated, they 
will corrode the copper and cause a green discoloration 
on the surface. This will be most evident at a point just 
above the grease layer where the copper is exposed to 
air and moisture, as shown in Fig. 2. This area may also 
become darkened from free alkali or sulphur com- 
pounds in the grease, although the worst blackening is 
under the surface of the grease. However, according to 
present knowledge, a slight darkening of the surface 
exposed to the influence of the grease is not considered 
any cause for alarm. 


Fig. 2. A copper surface such as the one in Fig. 1, after it has been 
partly immersed and attacked by volatile acids from grease at an elevated 
temperature. The dark blob at the junction of the two planes is a smear of 
grease. The green verdigris, separated from this smear by a section 
covered with a thin film of grease, was just above the grease surface level. 
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---G metal for inserts eeea metal to hold other -e-a metal that 

that won't work loose barts* tn place’ under: the won't develop high 
from ceramic insulation Searing heat of a high- Surface resistance 

as temperatures fluctuate. voltage discharge. because of corrosion. 


Mycalex Corp. General Electric Co. Vendo Corp. 
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eee metal whose eee metal for an ar- eee metal that can 
electrical resistance mature that vibrates stand spark erosion 
varies measurably with continuously 94,000,000 without pitting | 
temperature changes. times a year. or burning. 
The Simmons Co. Union Switch and Signal Co. —_—sScintilla Magneto Co. 


wea Metal: that will 
remain non-magnetic 
during spot-welding. 


General Thermostat Corp. 


T’S A FACT—you don’t need to buy so many 


different types and sizes of motor and genera- HOW BRUSH | 
tor brushes! This has been established by surveys | 
fre : SIMPLIFICATION ; 
in various plants! A large steel company, for in- PAYS | 
e e e a ma: 
stance, discovered it could cut its brush items : Wi 
CORROSION i rae : el from 675 to 93. Another firm eliminated 2285 Co Be ieee : | 
= : : i : : ; : ge 3. Less time | 
RESISTANCE HIGH | HIGH Think of the NCO ae e you need a metal with a | “necessary” brush sizes and shapes at substantial through quantity dis- needed to handle stock. | 
hard-to-find combination of properties. | : : : eae ares : ) counts. 1 
— STRENGTH ie % im | savings in ordering, billing, and in inventories. 4. Reduction of small | 
These high-Nickel alloys are Strong... ough...Hard... Rustless. ' 1 2. Less money and_ orders—saving time in ns). 
—TOUGHNESS—>! Pir ; : . b b Sponsored by National Carbon Company, Inc., space tied up in brush bookkeeping, billing, | 
They resist High Temperatures...Corrosion... Wear... Fatigue. this program of simplification of carbon, graphite, stocks. and accounting. | 
SEAR RNECS Their use is insurance for long, trouble-free service. and met al-graphite brush needs can bring similar | 
° | 
MORE INFORMATION! Tell us the alloy that interests savings to you. : of 
MACHINABILITY. you, and soll mail more information. Or, send for “List By making a few simple changes in present varied needs. i 
B-100" which lists over 100 bulletins explaini th : ' [ 1 h with our neares | 
-NON-GALLING properties and applications of the INco RE knee. brush specifications, a comparatively few stand For further facts, get in touc t | 
_ ard brush types and sizes will fill most of your Division Office today. Dept. GE. | 
SPRING | 
PROPERTIES THE INTERNATIONAL NICKEL COMPANY, INC. | 
ei ELEC: 67 Wall Street, New York 5, N. Y. i 
CONDUCTIVITY 
— HEAT | 
RESISTANCE NICKEL ALLOYS i 
— TREATABL YES : eaperae | iE. OCs ; 42nd § ‘k 17, N. Y. | 
: Snail te oe MONEL* + “K’ MONEL? ay Unit of Union Carbide and Carbon Corporation 30 Hast S-aeotteer, New ‘Yorn /, iN. x. 
— NON YES ES if cae peice ars INCOWEL a0 R MONEL* - KR” MONEL* | The word “National” is a registered trade-mark UCE Division Sales Offices: Atlanta, Chicago, Dallas, | 
MAGNETIC YE YES : KEL © “L REL = NICKEE : | of National Carbon Company, Inc. Kansas City, New York, Pittsburgh, San Francisco | 
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NEW PYRANOL* CAPACITORS 


Strict quality control, new manufacturing techniques, and 


improved materials — the basis of the excellent war-time 


records of G-E d-c capacitors — are now incorporated in 
a new line of Pyranol capacitors designed to meet rigorous 
commercial requirements. 

This new line makes possible a broad selection of sizes, 
ratings and mounting arrangements, with characteristics 
which permit operation over a wide temperature range 
(from 85C to —55C), at altitudes up to 7,500 feet. Sizes 
and shapes range from “bathtub” and small rectangular 
case styles to large, welded steel-case designs. Capacitance 
ratings are offered from .01 muf to 100 muf, and voltage 
ratings from 100 to 100,000 volts. Write Transformer 
Division, General-Electric Co., Pittsfield, Mass. 


MORE COMPACT COILS = 


Formex* magnet wire, available in all standard wire sizes, 
puts more turns and more copper in a given coil cross- 
section area than fibrous-covered wire does, particularly 
if square or rectangular Formex wire is used. It’s a 
natural where coil shapes require acute angle bends. 
Higher winding speeds are practical without increasing 
rejects; time-saving steps are possible that you wouldn’t 
dare use with ordinary magnet wire. In most sizes, first 
cost of Formex is less than fibrous-covered wire, and only 
slightly greater than enameled. Check Bulletin GEA-3911. 


*Reg. U.S. Pat. Off. 
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SWITCHETTES co beg robe 
G-E manually-operated Switchettes are outstanding for 
the long life and lightning-fast snap action packed into 


an unusually small, lightweight case. The Size 1 
Switchette weighs only 9 grams, and is approximately 


114 in. by ¥% in. by 1 in. Size 1 Switchettes are available 


in ratings up to 10 amperes at 24 volts d-c, or 230 volts 
a-c, and in ten different contact arrangements. Size 2 
Switchettes are rated 25 amperes at 24 volts d-c, (230 
volts a-c), and are available in three contact arrange- 
ments: single circuit, normally open; single circuit, 
normally closed; and two circuit. Totally enclosed, with 
screw terminals, size 2 Switchettes measure about 2 by 
13% by 1 inch, and weigh approximately 2 ounces. Write 
for Bulletin GEA-3818C (Size 1) or GEA-4259 (Size 2). 


A VERSATILE SWITCH 
with F$,000 posscbilities 


There’s a standard SB-1 switch for most of the ordinary 
control and transfer jobs. Where the number or arrange- 
ment of circuits is unusual, special switches can be made 
from standard SB-1 cams, contacts, fingers, and other 
parts, giving great flexibility of application. Precision- 
built parts make even a 40-stage tandem switch easy 
to operate. | | | 
Already more than 4,000 different arrangements of 
circuits and sequences have been made by varying con- 
tacts and.cam arrangements. Others can be made to 
meet your specifications. Write for Bulletin GEA-1631E. 
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SMALL DG METERS 


‘General Electric Type DO-58 d-c meters are 4 by 444 
inches. Voltmeters are available registering from 0 to l 
volt, to 0 to 750 volts in self-contained models, and up 
to 30 kv with external resistors. Accuracy is to within 2 
per cent of full scale value. The d-c ammeters, milliam- 
meters and microammeters cover a range from 0 to 50 
amperes, to 0 to 50 microamperes. Cased in black 
Textolite with a deep cover, these meters are offered in 
front-illuminated and _ rear-illuminated types, with lance 
type, pointer-tip standard, and knife-edge and _ pear- 
shaped tips optional. These flush-mounted instruments 
are also available in alternating-current, a-c rectifier and 


r-f types. Write for Bulletin GEA-4272. 


INDUSTRIAL RELAY ace a Cot of job 


This sturdy, compact industrial voltage relay has a lot 
of uses, such as controlling pilot circuits in response to 
remote control switches or thermostats, or for direct con- 
trol of small motors driving cooling blowers. It may be 
used as a fractional-horsepower motor starter, or in con- 
junction with magnetic switches controlling larger ap- 
paratus. Rated 10 amperes, continuous, with make-or- 
break rating of 45 amperes on normally open poles, 20 
amperes on normally closed poles, at either 110 v or 220 v 
a-c. Three contact arrangements — double-pole, double- 
throw; double-pole, single-throw; and single-pole, single- 
throw — are available in either open or enclosed models. 


Write for Bulletin GEA-4668. 
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SPLIT-CYCLE CONTROL 
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Thyratron Type FG-95 tubes are designed for rapid cons. 
trol applications where available grid power is very 
small, where it is necessary to actuate the grid from:a 
high-impedahce source, and where tube temperature can 
be maintained at a relatively constant level. This tube’s 
negative grid characteristics mean lower overall power: 
requirements for heavy-duty control work. Peak voltage, 
1000 v, peak current 15 amp, average current 2.5 amp. 
Surge current (for design only) 200 amp for 0.1 second. 

Among the applications of Thyratron tubes are re- 
sistance welding control, motor control, lighting control, 
rectification, and power supply for photoelectric relays. 
Write for Bulletin ETI-125. (For general data on Thyra: 
trons, ask for ETI-116). General Electric Co., Electronics 
Division, Syracuse, N.Y. 
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DURABLE NAMEPLATES 
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mtth beauty butll-tn 
General Electric iaminated plastic nameplates are tough, 
durable, and resistant to impact. They are available 
stamped, engraved, or printed, in a variety of color com- 
binations. Their appearance is exceptional — both satin 
and mirror finishes are offered with surfaces that need 
neither buffing nor polishing. The hard, smooth surfaces 
of G-E plastic nameplates are easily cleaned. They do 
an outstanding job for a wide range. of diversified appli- 
cations. For further information, write General Electric 
Co., Plastics Division, Pittsfield, Mass, 
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¢ GENERAL ELECTRIC COMPANY, Sec. 642-12 


NOTE: More data available in Sweets’ File for Product Designers 


Company. 
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Apparatus Department, Schenectady 5, N. Y. 
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y.e...GEA-3911 (Formex) ..1:..GEA-4259 (Switchettes—Size 2) 
aeceeAGEA-4272 (Small D-C Meters) _...... GEA-4668 (Industrial Relay) 
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PERMANENT MAGNETS MAY DO IT BETTER 


Permanent magnets play a vital role in modern manu- 
facturing methods, scientific research, testing and 
measurements, industrial and domestic controls, sig- 


nals and alarms. 


Ammeters, Wattmeters, Voltmeters, Magnetic 
Gauges, Thermostats, Pressure Controls, Polarized 
Relays and Fluxmeters—these are but a few of the 
many—all of which rely upon the “Packaged Energy” 


of the magnet in their function. 


Permanent Magnets aid physicists, chemists and 


engineers in the laboratory, plant and 
field. They aid the Pyrometer in measuring 
extreme temperatures of molten metal; 
in recording the intense heat in ovens, 
linotypes, die castings; and in the exact- 
ing heat controls in electrical, rubber, 
paper and plastic manufacturing. The 
Galvanometer using permanent magnets 
is. a basic tool in the measurement of 
electricity. It is used in connection with 
other devices such as the Potentiometer. 


Permanent Magnets also serve in meas- 
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Permanent Magnets Help Guide Science and Industry 


uring mechanical conditions such as the measurement 
of speed in Tachometers and Speedometers, and to in- 
dicate relative positions, as in Gauges. 

Permanent Magnets help guide men, methods and 
machines employed by modern science and industry, 
with split-second charting, controlling, and recording 
of speed, accuracy, precision and efficiency. 


doing some job or process better. They range in size 
from the tiny, feather-weight magnet in the hearing 
aid to the powerful, heavy radar mag- 
net. Perhaps permanent magnets can 
do some job or process better for you in 
your industry. You are invited to consult 
our engineers on any problem of magnet 
application. 

The Indiana Steel Products Company 
has made magnets for more than 24,000 
applications. It is the world’s largest 
sole producer of “Packaged Energy”. 


This Alnico Magnet 
is the generator rotor 
which supplies the 
operating power for 


the proximity fuse. fot fees “Pertinnent Magnet Manual”. 


Producers of "PACKAGED ENERGY” 


*** THE INDIANA STEEL 


6 NORTH MICHIGAN AVENUE, CHICAGO 2, ILLINOIS 


PRODUCTS COMPANY « * « 


SPECIALISTS IN PERMANENT MAGNETS SINCE 1910 ¢ 
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Actually millions of magnets serve you daily, each. 


For complete information, please write 


THE GROUND-FAULT NEUTRALIZER 
ESTABLISHES ITS PLACE ON 
ELECTRIC POWER SYSTEMS 


By N. H. MEYERS 


Central Station Engineering Divisions 


General Electric Company 


LTHOUGH the ground-fault neutralizer, or 
Petersen coil as it is often called, has been 
common on European power transmission sys- 
tems for the past twenty-five years, this device has been 
slow to receive general acceptance in the United States. 

Today, however, with 36 public utility organizations 
in this country having installed 72 ground-fault neutral- 


izers to protect over 11,000 miles of transmission line 


varying in voltage from 6.6 to 230 kv, and with 20 
additional units scheduled for installation during the 
coming year, it appears that the ground-fault neutral- 
izer is definitely ‘‘here to stay.’’ In addition to these 
92 domestic units, six ground-fault neutralizers of 
United States manufacture are now in service in foreign 
countries and three others are now being manufactured. 

Table I illustrates the acceptance this device has had 
by domestic utilities and indicates the wide range of 
system voltages over which it has been applied. It is to 
be noted that the majority of applications are on cir- 
cuits rated 69 kv and below, and the neutralizer appears 
to be best suited for systems in this voltage range. A 
few of the installations listed in Table I are no longer 
in service because of system changes such as expansion 


This article is so paged that, without mutilating other articles, it can be 
conveniently removed for separate filing by tearing out pages 37 to 44.—Ep. 


into an extensive network and interconnections with 
other systems having solidly grounded neutrals. 


Low-cost Protection | ? 

Any type of protective equipment applied to a trans- 
mission system, whether it be overhead ground wires, 
ground-fault neutralizers, lightning arresters, expulsion 
tubes, protective relays, high-speed circuit breakers 
with rapid reclosing features, or any other protective 
device, has as the desired end result the improvement 
of service continuity with the minimum cost. The 
ground-fault neutralizer has well proved itself capable 
of fulfilling this requirement, and as a result is steadily 
increasing in popularity. On all systems where they 
have been applied, neutralizers have effected marked 
improvement in service continuity, and many users 
report lines so protected to have operating records as 
good as, or better than, similar lines provided with 
overhead ground wires. 

That the neutralizer is attractive from a cost stand- 
point is illustrated by the fact that a unit suitable for 
protecting 200 miles of 34.5-kv overhead line sells for 
approximately $7000. If a total installed cost of $8500 
is assumed, this protection amounts to only $43 per 
mile of line. For more extensive systems, the cost may 


TABLE [I 
SUMMARY OF DOMESTIC GROUND-FAULT NEUTRALIZER APPLICATIONS 


Rated System Voltage-—KV 
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Fig. l(a). Charging current resulting from a single-line-to-ground fault 
on a three-phase transmission line with isolated neutral. Currents Jp and 
Ie represent the flow through the line-to-ground capacitances of the two 

unfaulted line conductors 
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GROUND- FAULT 
NEUTRALIZER In 
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Fig. 1(b). The circuit shown in Fig. 1 (a) with the addition of the ground- 

fault neutralizer. When the neutralizer is properly adjusted, the current 

In flowing through it will be approximately equal in magnitude and 

opposite in phase to the sum of the line-to-ground charging currents, and 
any transitory arc is self-extinguishing 


Fig. 2. The vector relationships of the 
voltages and currents shown in Fig. 
1(b) With phase A grounded, 
Van =Voltage across ground-fault 
neutralizer 
Vap =Voltage of phase B conductor 
above ground 
Vac =Voltage of phase C conductor 
above ground 


Ip =Line-to-ground charging cur- 
rent of phase B 
I, =Line-to-ground charging cur- 


rent of phase C 

I; =Sum of Jy and J¢- 

In =Ground-fault neutralizer cur- 
rent (adjusted to be equal 
in magnitude to Js) 


be even lower, and for smaller systems it will generally 
be higher. Neutralizer protection for 100 miles of 34.5- 
kv line would have a maximum installed cost of about 
$75 per mile, and for 50 miles the cost might possibly 
run as high as $140 per mile. 


Principle of Operation 

As its name implies, the ground-fault neutralizer is a 
device for ‘‘neutralizing’’ single-line-to-ground faults, 
and its principle of operation is illustrated in Fig. 1. As 
shown in Fig. 1(a), the current in a single-line-to-ground 
fault on an isolated-neutral system consists of the 
charging current that flows through the line-to-ground 
capacitances of the two unfaulted line conductors. If a 
ground-fault neutralizer, which is essentially a tapped 
reactor with special characteristics, is connected be- 
tween the system neutral and ground, the occurrence of 
a single-line-to-ground fault will impress the system 
line-to-neutral voltage across the neutralizer. As shown 
in Fig. 1(b), this condition will cause a current In to 
flow through the neutralizer, the faulted line conductor, 
and ground. Indicated in Fig. 2, the current In is sub- 
stantially 180 deg out of phase with respect to the sum 
of the line-to-ground charging currents Js. If the neutral- 
izer taps are so adjusted that I, is equal in magnitude 
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to Is, the current in the fault (the sum of Js and In) 
will be substantially zero. If the fault is of a transitory 
nature, such as an insulator flashover, the arc will be 
self-extinguishing and the system will not know a fault 
has occurred. In practice, 100 per cent neutralization 
of the fault current as depicted in Fig. 2 is not possible 
because I; will always have an in-phase component of 


current resulting from resistance, leakage, and corona » 


losses. However, this component of current will gen- 
erally be small:and because it is in phase with the volt- 
age producing it, is easily interrupted. 

From the foregoing it is evident that the neutralizer 
is effective only where single-line-to-ground faults are 
involved. Furthermore, it is only when such faults are 
of a temporary nature that an outage can be prevented, 
since any line suffering from a shattered insulator, wire 
down on a crossarm, or other permanent damage will 
eventually have to be removed from service for repair. 
However, in cases where a continuously rated neutral- 
izer is applied to the system, it is possible to operate 
with one phase faulted to ground indefinitely, although 
such a condition is hazardous. Consequently an operat- 
ing procedure of this kind is usually not acceptable. 

Even though the ground-fault neutralizer is effective 
only on transitory ground faults, it can effect remark- 
able improvement in service continuity because a large 
portion of system trip-outs result from this type of 
trouble. Furthermore, many faults that are “‘relayed 
off’ the system as line-to-line or three-phase faults 
actually begin as line-to-ground flashovers which the 
neutralizer can prevent from developing into faults 
involving additional phases. It is to be noted that the 


Fig. 3. A typical core-coil assembly for the ground-fault neutralizer. 
The by-passing switch is shown in the foreground, and the motor, auxili- 
ary switches and current transformer at the top of the assembly 
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neutralizer, as contrasted to some other types of pro- 
tection, is effective regardless of whether the fault 
results from lightning, contact with tree limbs, birds, 
small animals, or other causes. . | 


Ground-fault Neutralizer Ratings 

A ground-fault neutralizer is usually specified by 
three ratings: voltage, current, and time. The voltage 
rating is equal to the line-to-line voltage of the system 
to which the neutralizer is to be applied, and the unit 
will normally be insulated for the next higher voltage 
insulation class above the system line-to-neutral volt- 
age. For example, a neutralizer for a 69-kv system 
would have insulation and a bushing of the 46-kv class; 
and one for a 34.5-kv system would have 25-kv-class 
insulation and bushing. | 

Because the neutralizer is a tapped reactor, two 
values are used to specify its current range: the value 
obtained when rated line-to-neutral voltage is impressed 
across the minimum reactance, and the value obtained 
with the maximum reactance setting. The neutralizer is 
usually built with a reactance range (and consequently 
a current range) of either 2:1 or 4:1. Thus, the current 
rating might be specified as 160/40, 120/60, 80/20, 
60/30, 40/10, 30/15, 20/5, etc. | 

The time rating is dependent upon system operating 
conditions. For systems where ground relays are em- 
ployed to isolate permanent line-to-ground faults, the 
10-minute-rated neutralizer would ordinarily be applied. 
A spring-operated by-pass switch and the necessary 
control relays for automatically by-passing the neutral- 
izer and solidly grounding the system at a preselected 
time after the occurrence of a single-line-to-ground fault 
are normally included as standard equipment for this 
rating. If a single-line-to-ground fault is cleared by the 
action of the ground-fault neutralizer within the 
selected time, no further action will take place; but if 
the fault persists, the system neutral will be solidly 
grounded and the protective relays will be able to 
operate and isolate the faulted line from the remainder 
of the system. 

For those systems which do not employ automatic 
means of isolating single-line-to-ground faults, the 
neutralizer must have an extended time rating to be 
able to operate until such time as the fault can be 
located and isolated by manually sectionalizing the 
system, patrolling the lines, or other means. 


Description of Neutralizer 

The ground-fault neutralizer, Fig. 3, is quite similar 
to a power transformer in that its windings are assem- 
bled on an iron core and the entire unit immersed 1n oil. 
A straight-line switch is used to vary the inductance of 
the unit, and this switch, as well as the single-phase a-c 
motor and gear train used to operate it, are also oil- 
immersed. An automatic positioning feature is included 
in the tap-changing mechanism to insure its stopping 
only when the switch is centered on a contact point. 
A wound-type current transformer with a tapped pri- 
mary is provided in the neutralizer winding, and its 
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Fig. 4. A core-coil assembly for a combination ground-fault neutralizer and 
zig-zag grounding transformer commonly used on delta-connected systems 


ratio is automatically changed as the neutralizer tap 
setting is changed so that with rated neutralizer current 
flowing the secondary current is always maintained 
between 3 and 6 amp. Neutralizers with a 2:1 current 
range normally have a 15-position tap-changing switch, 
and those with a 4:1 current range a 25-position switch. 

A weatherproof control cabinet mounted on the 
neutralizer tank, as shown on the COVER, contains a 
control power switch, push-button type control switch 


for operating the tap-changing mechanism, and a selsyn 


tap-position indicator. 

The neutralizer is equipped with a standard bushing 
and a Thyrite station-type hghtning arrester of proper 
voltage ratings, an oil conservator, magnetic liquid- 
level gage with alarm contacts, pressure-relief dia- 
phragm, weatherproof ventilator, oil drain and sam- 
pling valves, filter-press connections, and diagram name- 
plate. One end of the winding is usually connected 
internally to the tank, with a ground terminal provided 
externally on the tank base. 


Fig. 5. A neutralizer and grounding transformer such as the one shown in 
Fig. 4 after assembly in the tank , 


If all transformers on a system to be protected by a 
ground-fault neutralizer are delta-connected, a zig-zag 
grounding transformer is commonly employed to 
establish a system neutral. In these cases, the neutral- 
izer and grounding transformer may be mounted in the 
same tank. Such a combination is shown in Figs. 4 and 5. 


Application | 

‘Rating. Ground-fault neutralizers may be applied to 
any three-phase transmission or distribution system, 
providing certain application criteria are met. The 
voltage rating of the neutralizer is determined by the 
voltage of the system on which it will be installed, and 
the time rating is usually dictated by the method em- 
ployed to isolate permanent faults. The current rating 
is determined by the charging current in a line-to- 
ground fault. and consequently is a function of system 
voltage and total length of the lines comprising the 
system to be protected. The curves in Fig. 6, based on 
average data, indicate the approximate current rating a 
neutralizer should have to be capable of protecting 
single-circuit lines of various lengths and voltages. 
Where double-circuit lines and lines provided with 
overhead ground wires are involved, the currents indi- 
cated in Fig. 6 will need modification because these 
types of construction result in larger line-to-ground 


charging currents than in the case of ordinary single- - 
circuit lines. The most accurate determination of. 


neutralizer current rating can be made, of course, by 
actually measuring the current in a line-to-ground fault 
with all system neutrals isolated. 7 
Once the current rating for a particular system con- 
dition has been determined, a current range must be 
selected. The minimum current should be such that the 
neutralizer can be properly tuned to protect the mini- 
mum system expected to result from the switching off 
of certain lines or sections of the system. The-maximum 
rating should be sufficient to afford protection to the 


entire system and in addition should allow for reason- . 


able system growth. When it is not definitely known 
what the future line construction will be, it is usually 
advisable to allow for a system growth of approximately 
20 per cent. When metallic interconnections with other 
systems are involved, the neutralizer rating must be 
selected on the basis of the entire interconnected system. 

Number of Neutralizers. The number of neutralizers 
and their locations on the system are determined 
primarily by the current range required and the system 
operating procedure. Theoretically, one unit is satis- 
factory to protect any system, but on extensive sys- 
tems it is usually better to install two or more neutral- 
izers of smaller rating. In this manner, sections of a 
system that may become separated by switching opera- 
tions can each be equipped with a neutralizer so that 
protection is maintained despite such separation. 
Whether one or several units are used, each should be 
centrally located in the system or section of system that 
it is to protect. The best location is at a station from 
which several lines radiate, because with this arrange- 
ment the possibility of the neutralizer’s becoming 
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Fig. 6. A set of curves, based on average data, indicating approxi- 
mately the current rating a neutralizer should have for protection of 
single-circuit lines of various lengths and voltages 


isolated from the system as a result of switching is 
minimized. 

Cable Systems. The application of ground-fault neu- 
tralizers to cable systems is not common, although 
many systems so protected contain sections of cable. 
On all-cable systems transitory ground faults are rare, 
but the neutralizer can be used to limit the damage that 
may result from a permanent ground fault, and even 
prevent such a fault from involving additional phases. 
Thus, with a neutralizer, a cable might be operated 
with one conductor grounded until the load can be 
diverted into other circuits or until a peak-load period 
is passed. | 

System Insulation. As illustrated in Fig. 2, a single- 


line-to-ground fault causes the two unfaulted conduc-_ 


tors to rise to the system line-to-line voltage above 
ground. Therefore, all system apparatus must be capa- 
ble of operating at line-to-line voltage above ground. 
This means that lightning arresters should be of the 
ungrounded-neutral type, and potential transformers 
connected between line and ground must be capable of 
operating at least temporarily at line-to-line voltage. 
Because the system neutral rises to line-to-neutral 
voltage above ground, full neutral insulation is neces- 
sary on all transformer neutral bushings, substation 
neutral buses, etc. — . 

Interconnections. When metallic interconnection with 
another system is present, the neutralizer rating must 
be adequate for both systems. Obviously, neither 
system can have any grounded neutrals since these 
would short-circuit the ground-fault neutralizer. When 
it is desired to use a neutralizer to protect a system that 
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is metallically interconnected with a system having 
grounded neutrals, the two systems can be isolated, 
insofar as neutralizer operation is concerned, by inter- 
posing a two-winding transformer bank between them. 

Metallic interconnection of systems sometimes exists 
through autotransformers, and in these instances the 
neutralizer should be of sufficient capacity to com- 
pensate for the line-to-ground charging currents of both 
systems. Because neutral displacement resulting from 
a ground fault on the higher-voltage system will cause 
a dynamic overvoltage to be impressed on the lower- 
voltage system, the application of ground-fault neutral- 
izers to systems equipped with autotransformers is 
definitely limited. In general, it is inadvisable to use a 
neutralizer where an autotransformer connects systems 
whose nominal voltage ratings are not within 10 per 
cent of each other. : 

Line Transposition. If the line-to-ground capacitances 
of the three phases of an isolated-neutral system are not 
balanced, a small voltage will exist between the system 
neutral and ground. When a ground-fault neutralizer is 
installed, this voltage will be impressed across the series 
resonant circuit formed by the neutralizer, the trans- 
mission line conductors, and their capacitances to 
ground; and a relatively large circulating current may 
flow. This circulating current will cause a voltage drop 
across the ground-fault neutralizer reactance and a 
consequent displacement of the system neutral. Owing 
to conductor transpositions and the variety of types of 
construction and configuration normally encountered 
on a system, this problem is seldom serious. However, 


on systems where excessive circulating current results | 


from the installation of a neutralizer, this may be cor- 
rected by proper transpositions. 

A check on the necessity of such transpositions may 
be made in advance of the neutralizer installation by 
measuring the voltage between the system neutral and 
ground, with all system neu- | 
tral points isolated from oe 
ground. If this voltage ex- TRANSFORMER 
ceeds approximately one per 
cent of the system line-to- 
neutral voltage, it is likely 
that the balance will have | 
to be improved by trans- 
position of some circuits, or 
the neutralizer will have to 
be slightly ‘detuned’ to 
limit the circulating current. . LA 
Tests on existing installa- 
tions have repeatedly dem- 
onstrated that detuning 
(the neutralizer passing a 
current greater than actually 


SYMBOLS— 


DISCONNECTING 
SWITCH 


GROUND-FAULT 
NEUTRALIZER 


REGORDING 
AMMETER 


per cent is possible without 


greatly impairing the arc- 
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Line Sectionalizing. Single-phase disconnecting equip- 
ment, such as line-sectionalizing fuses or single-pole 
disconnecting switches, should not be used in lines 
protected by a ground-fault neutralizer because their 
operation may result in excessive current through the 
neutralizer and consequently excessive system neutral 
displacement. In general, if the portion of a system that 
may be isolated from the neutralizer by a disconnecting 
device exceeds approximately 10 per cent of the total 
system, the disconnecting device must be a three-phase 
circuit breaker or gang-operated disconnecting switch. 
At step-down substations, fuses or single-pole switches | 
are usually satisfactory because their operation does 
not remove any appreciable length of line from the 
protected system. _ 


Auxiliary Equipment 7 

The by-pass equipment consists of a rotating-insu- 
lator type switch mounted on a steel structure as 
indicated on the Cover. This switch is closed by a fast- 
operating spring mechanism, and a motor mechanism 
is supplied for opening the switch and resetting the 
spring. Also mounted on the steel structure are a hook- 
operated disconnecting switch for isolating the neutral- 
izer from the system and a weathertight cabinet hous- 
ing the necessary control relays. A recording ammeter 
and an overcurrent alarm relay for connection in the 
secondary of the neutralizer current transformer, and a 
remote control switch for manually controlled opening 
and closing of the by-pass switch are usually mounted 
inside the station. If desired, the control relays may also 
be mounted indoors on a station panel instead of in the 
cabinet on the by-pass switch steel structure. The 
operation of the by-pass switch establishes a solidly 
grounded neutral connection when a permanent line-to- 
ground fault occurs on the protected system, thus 
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Fig. 7. The control circuits for a manually reset by-pass €quipment, which for a permanent single-line- 
to-ground fault, causes the neutralizer to be short-circuited after a preselected time interval 
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enabling the system ground relays and circuit breakers 
to operate and isolate the faulted section of line. | 
The control circuits for a manually reset by-pass 
equipment are shown in Fig. 7. When a line-to-ground 
fault occurs, the ground-fault neutralizer will pass cur- 
rent, and the instantaneous overcurrent relay 51 in the 
secondary of the neutralizer current transformer will 


pick up. This will de-energize the timing relay 2 and 


cause it to begin timing out and will close a set of con- 
tacts in series with the coil of an auxiliary relay 2X. 
If the fault is extinguished by the neutralizer within the 
timing interval, the relays reset and conditions are 
again normal. 3 

If the fault persists for a length of time greater than 
the setting of the timing relay 2, its contacts will close, 
thereby causing the auxiliary relay 2X to pick up and 
seal in, thus de-energizing an auxiliary timing relay 
2A, which has about a one-second time-delay dropout, 
the purpose of which will be explained later. When this 
relay drops out, it energizes the tripping coil 8IBP/Trip 
of the spring-trip mechanism and the by-pass switch 
will be closed. At the same time, the closing contactor 


of the motor mechanism will be energized and this. 


mechanism will follow the by-pass switch to the closed 
position thereby resetting the spring for the next opera- 
tion. The by-pass switch is reopened by manual control 
of the motor mechanism, either by the control switch 
CS in the relay cabinet on the steel structure or by the 
remote control switch on the station switchboard. 
Colored indicating lamps on the station switchboard 
indicate the position of the by-pass switch. 

The timing relay 2 may be adjusted to give a time 
delay from 0 to approximately 30 sec to the closing of 
the by-pass switch. In practice, this time delay is 
usually set between 5 and 10 sec on the assumption that 
if the fault is not a result of permanent damage to line 
or station equipment it will be extinguished by the 
eround-fault neutralizer action within that period. As 
indicated in Fig. 7, the standard control-circuit voltages 
are 115 volts a-c and 125 volts d-c, although some 
equipments have been constructed to operate from 24, 
48, and 250 volts d-c and 230 volts a-c. Interlock cir- 
cuits are employed which make it impossible to change 
taps on the ground-fault neutralizer unless the by-pass 
switch is closed, and the by-pass switch cannot be 
opened while the tap-changing mechanism is in opera- 
tion. 


Additional System-Grounding Points 

On some systems it is necessary to ground the 
neutrals of more than one transformer in order to obtain 
proper magnitude and distribution of ground-currents 
for selective relaying. In these cases the ground-fault 
neutralizer by-pass equipment can be used as a neutral- 
grounding equipment with very little modification. 
Since the neutralizer is not then in service, no zero- 
sequence current is available to operate the overcurrent 
relay that normally initiates the control sequence. 
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Therefore, a potential transformer is mounted on the 
by-pass switch steel structure and connected between 
the power-transformer neutral and ground to supply a 
zero-sequence voltage that indicates the presence of a 
line-to-ground fault on the system. An instantaneous 
overvoltage relay in the secondary of this potential 
transformer teplaces the overcurrent relay 5/1 used in 
the circuits shown in Fig. 7. 

The auxiliary timing relay 2Y, having approximately 
a one-second time-delay dropout as mentioned pre- 
viously, is employed to insure that the auxiliary relays 
at all locations pick up and seal in before any one of the 
by-pass or neutral-grounding switches closes. This is 
necessary since unless all timing relays timed out at 
precisely the same instant, one by-pass or grounding 
switch might close a few cycles sooner than the others, 
thereby removing the indications of a ground fault from 
the other stations and allowing the relays at these 
locations to reset without completing the closing 
operation. 

With the circuits shown in Fig. 7, once the auxiliary 
relay 2X has picked up, the by-pass switch will close 
regardless of what may subsequently happen at other 
stations. The use of the induction-disk type of timing 
relay makes possible very accurate timing of all control 
equipments, and the auxiliary timing relay 2Y with its 
additional one-second delay gives additional insurance 
that all switches will close properly. 


Automatic Reopening of Grounding Switches 

In some cases, particularly where the by-pass or some 
of the neutral-grounding switches are located in unat- 
tended stations, it is desirable to provide automatic 
reopening of the switches after they have closed and the 
faulted line has been relayed out. Even where the 
stations are attended, the use of automatic reopening 
insures that ground-fault neutralizer protection will be 
restored to the system with minimum delay. This be- 
comes particularly desirable during a storm, when the 
by-pass and grounding switches are most likely to close 
and remove protection at the very time when it is 
most needed. 

When the automatic reopening feature is to be 
included, a reopening relay, an auxiliary relay, and an 
overcurrent relay are added to the standard control 
circuits that have been described. In addition, a current 
transformer, usually mounted on the by-pass switch 
steel structure, is connected between the switch and 
ground. The additional overcurrent relay is used in the 
secondary of this current transformer and serves as an 
interlock that prevents reopening the switch if it is 
carrying current. 

After predetermined time (which is adjustable from 0 
to approximately 3 min) following the closing of the 


by-pass or grounding switch, the reopening relay will 


attempt to energize the opening contactor of the switch 
motor mechanism. If the system relays have functioned 
properly to remove the fault, no current will be flowing 
in the by-pass switch and it will reopen. If it is carrying 
current, the timing motor which drives the reopening 
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GROUND-FAULT NEUTRALIZERS 


(Continued from preceding page) 


relay will stop, and the control circuits will be set up so 
that reopening will take place when the system fault is 
relayed off and current flow through the by-pass switch 
ceases. A recent installation included a ground-fault 
neutralizer with by-pass switch, and three neutral- 
grounding equipments at other substations on the 
system, all equipped with this automatic reopening 
feature. 


Benefits from Ground-fault Neutralizer Protection 

As has been pointed out in this article, the ground- 
fault neutralizer offers low-cost protection against 
transitory single-line-to-ground system faults regardless 
of their cause. Because this type of fault is the most 
common and because other faults often begin as line-to- 
ground faults, the neutralizer has eliminated from 50 
to 80 per cent of all circuit breaker operations on 
systems to which it has been applied. Aside from the 


improvement in service continuity, this reduction in 
trip-outs eases the burden on the system operator and. 


reduces the expenditure for circuit-breaker main- 
tenance. In addition, by limiting the current in a fault, 
the neutralizer reduces the damage to line conductors 
and insulators, thus reducing line-maintenance costs. 

The ground-fault neutralizer, like any other pro- 
tective equipment, is not a cure-all for system troubles, 
but it does offer an effective and economical means of 
improving the operation of many systems. 
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FROM ANGELFOOD CAKE TO A FOUR-LANE HIGH- 
WAY ... An electric egg beater and a concrete mixer 
are alike in principle! Each is a rotating mechanism in- 
volving factors of speed and load, and each requires anti- 
friction bearings such as ssf produces. 

Whether the device be a little household contrivance or a 
big industrial installation . . . where the bearings must 
be able to “take it” from the standpoint of shock load, 
thrust load and radial load . . . sss makes the bearing 
for the purpose. For ssf has pioneered in practically all 
industries and has developed ball and roller bearings of 
many types and sizes. | 

Manufacturers and mechanics alike recognize thatthe srsf 
trademark symbolizes the best.in the field, and they appre- 
ciate the long life, low maintenance cost and high per- 
formance standards of sts equipped machines. 
Whatever your questions . . . whatever your needs, it 
will pay you to consult an ssf engineer. Now as always 
he is the man to help you select . . . 


THE RIGHT BEARING FOR THE RIGHT PLACE 


BALL AND ROLLER 
BEARINGS 
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TRANSMISSION AND REFLECTION 


BY A DIFFUSING MEDIUM 


Mathematical analysis of the behavior of the 
components of incident radiation as it meets 
successive layers of a diffusing medium 


By FRANK BENFORD 


Research Laboratory, General Electric Company 


HIS is a study of the manner in which diffused 
radiation is reflected and transmitted by a 
ae diffusing medium.* The wavelength of the 
radiation may be in the infrared, the visible, or the 
ultraviolet, but as a matter of habit the term light is 
used in the text, although the phenomena treated are 
not thus limited. Since in general materials have color— 
that is, they treat different colors in different manners— 
a given set of numerical data apply to only one wave- 
length and any complete analysis of a material might 
require the separate investigation of a number of 
wavelengths. , , 

Practically all materials are frequency changers for 
electromagnetic radiation, and the details of these 
changes are beyond the scope of the present article. 
For example, if light falls upon a piece of diffusing 
glass, some light is transmitted, some reflected, and 
some absorbed. This absorption is a transient affair, 
since the absorbed radiation raises the temperature 
of the glass and reradiation at longer wavelengths then 
reduces the temperature to the original value. But if 
observations are limited to the visible region, the 
absorption is found to be real and final. 

In developing the equations to be given later, the 
fundamental condition is that all incident radiation 
must be accounted for. This is expressed by the 
equation 


where Rn is the fraction of the incident radiation that 


is reflected from a layer of the diffusing material x | 


units thick, 7» is the fraction that is transmitted and 
An is the fraction absorbed. 


Flow Diagram 


In Fig. 1 the flow of diffused radiation is indicated 
by single lines and the arrowhead at the end, or 
junction point, shows the direction of flow. Two layers 
of diffusing media, 7 and 71, are here used to illustrate 
the methods used to trace radiation through diffusers. 
Each diffuser is considered to be infinite in extent and 
bounded by two parallel planes giving the sections 
shown. The incident radiation comes from all down- 


* : : 5 5 6 
Meta atticle 1s a portion of a treatise entitled ‘‘Radiation in a Diffusing 
. m, by the same author, published in the September 1946 issue of the 


Pee OU7-2201 of the Optical Society of America.—-Ep., 


Be This articl 


€ is so paged that, without mutilating other articles, it can be 


a ; 
x 4 onveniently removed for separate filing by tearing out pages 46 to 52.—Ep. 
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ward directions to the top of 2, but a single line marked 
1 is used to designate this diffused radiation. A fraction 
Ri of this radiation is reflected upward and all parts 
of the medium 7 take part in this reflection. A fraction 
Ti penetrates and is incident upon the second medium 
7 and here a fraction Tik; is reflected and a fraction 
Til; penetrates. The radiation reflected between the 
two media sets up an infinite series of waves, and at 
each reflection some energy escapes to join the reflected 
radiation or the transmitted radiation. In Fig. 1 three 
rays are traced in both directions and the summation 
of terms is given on the right-hand edge. For the 
radiation reflected from medium 7 plus medium 7 


LARS 
Pik yp pe see, y) 
Es iT 1—R;Ri “) 
and for the total transmitted radiation 
IESE 
a 3 
wear — RjRi 8) 


The fraction of radiation absorbed may be computed 
in two ways. We may use Equation (1) with Equations 
(2) and (3) to get 


pie ety 15 (4) 
or the alternate method of multiplying the energy 


incident upon each medium by the absorption factor 
of the medium. ‘This gives 


Asyy= (14) at (3 


ee (5 
P= RR: 1 RR: ) 7 


It will be observed that the absorption of energy by | 


medium 7 is increased by the presence of 7, but the 
absorption by 7 is decreased since the incident energy, 
instead of being 1 as in the absence of z, 1s decreased to 


Ti eee 
——— which is necessarily less than 1. 
1— Rikj | 
Direct Equations for Tj; 

The symbols 2 and 7 may indicate either two different 


materials, or two thicknesses 7 and 7 of the same 
material. In the latter case the equations may be used 


to find the characteristics of 2, 3, 4....m” thicknesses 
of the same material by keeping 7 always equal to 1 and 
giving 2 successive values of 1, 2, 3,....n—1. When 


these computations are carried out it is found that both 
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transmission and reflection must usually be computed 
for a sufficient number of intermediate steps up to the 
final desired values of Rx and Tn. If, for example, 7; 1s 
desired, the preliminary computations must be made 
for Ts, T3, and for Re, R3. This procedure becomes quite 
lengthy for values of 10 or more, and it would be better 
to have direct equations that would eliminate the 
intermediate thicknesses. In deriving the direct equa- 
tion, the factor (7J*—k*) occurs frequently, and it 
simplifies matters to introduce a new factor Q such that 


O= 1f*—F? 
Now for thicknesses up to 7 
o=l 
i= a8 
T= T?/\1—R*(1) } 
T3=T*/{1—R2(2+ Q)} 


T,=T*/{1—R2(84+20+ Q?) +R4( 1)} 
Ts=T5/{1—R*(44+3Q0+2Q?+ Q?) +R4( 3+ 
Te=T8/{1—R2(5+40+89?+20'+ Q') + R4( 6+ 


the general expression for any 7i where 7 is an integer 


Ti=Ti/ if pti Cale Cee ie Ceci ee be 


\ > Ak? @-2)!° G8)! (i—4)! 
Rip. (¢—2)! _ (¢—3)! (i—4)! 
+51 (1—4)! Gos ©? G6) 
Ron G43) \ 2G) (G—5)! 
ae f= eu Go712° G—s)!” ue 
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The expressions in the brackets are self limiting, 
since 0! equals 1 and —1!, the next in the series, is 
equal to minus infinity. These infinite values first 
appear in the denominators; the fractions in which it 


occurs are equal to zero. The series in the bracket are » 


thus written out until it includes a last term that has 0! 
in the denominator. Engineering handbooks usually 


2Q) | 
60 +30?) 


— R8(1) } 


T,=T1/{1—R2(6+50+402+303+20!+ 0°) +R4(104+120+90? +408) — R°(4+30) } (6) 


Ti? Rj 
1-RjRi = Ri+j 


Fig. 1. The mass action of diffusers receiving 


have tables of Binomial Coefficients and from these the 
coefficients in this general expression for 7: can be 
obtained. The coefficients can easily be written by 
inspection. Thus those in the first column are 1, 1, 1, 
. 2. while:those in the sécond columniare 1,2, 8)... 2... 
The third column has 1, 3, 6, .... and from these three 
sets of beginning terms it is seen that each coefficient is 
the sum of the one. above it and the one to the left in 
the same line, and each line is extended to a final 
fraction that has 0! in the denominator. The terms in 
the numerators and denominators follow rules that 
will be fairly obvious from an inspection of the terms 
given; and once the rules are noted the complete 
expression can be written directly, even without 
reference to published tabulations of Figurate Numbers. 


Direct Equations for Ri 
The equations for reflection from 0 to 7 unit layers 
of uniform medium are 


fully diffused radiation is here represented by Ro = O 
lines, and the arrowheads indicate the direction ioe 
Ra =R 
of flow for the successive reflections and trans- 
missions. At the right of the diagram, the en- RT? 
ergies are summed for the complete action of Rs — R+ [@ 
the two diffusers ‘‘i’’ and ‘‘j,’’ which may be of Dz 
either similar or dissimilar media 9 
: Rae 
R=R+ > (1+Q) 
From observation of the coeffi- a 
F ; R 
3 = OF 2Y, 
cient ol, OF. /..1t has been de R=RL [a +Q0+0?) R a) 
duced that these coefficients are D4 
related to the Figurate Numbers . RT [a+o+e°+o% R2(24.20) ] 
(now often called Binomial Coeffi- R= Kap De | 


cients), whose study by the early 
mathematicians was the begin- 
nings of the theory of numbers. 
Using the factorial notation of 
t!=1(t—1)(i—2)....(1), we have 
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Rie 
Re=R+—-| 1+040'+0+09 
6 


Rie 
R=R+ | 1+0+0°+0'4+.0'+0" 
7 


-R8+40+30) +R) 
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(7) 


—R4+60+60+40)+R(3-+30)] (8) 


In these equations De, Ds, etc., refer to the denomi- 
nators of the reflection equations for 2, 3, etc., thick- 
nesses. : 


The general expression is 


3 | +Y SUG ee (OR 
Sos ee 
~l1 te et | Freer 4 
me ee er ee 


The same general relations exist here as for Tj, but 


there are numerical differences in the terms in the 


numerator and denominators, but the series can all be 
extended by inspection. The numbers to the left of the 
fractions are 1, 1, 1 .... for the first horizontal series 
1 Ot 2.3: . for the second series; 1, 3, 6,..... for 
the:third; and 1, 4, 10, . for the fourth. These are 
the Fistrate series nda can Vibe extended as previously 
noted. 


A Geometric Series of Thicknesses 

There is another series of equations that is often 
useful when high values of n are to be investigated. In 
this series 7 and 7 are given successive equal values of 


ty 2)4 8) 16) 20 Chis leads: to 
fore al , IRpS 
Ty=T R,=R 
T?2 
Te pe | Ro=R(1+T2) 
1°, 
Le ary Ra=Ro(1+T74) 
Dt bie 
ae, Rs = Ra(1+Ts) 


or to the general equation 
Toc Aa Roe <= R-(1 + Toc) (10) 


With the data of this series finished up to the highest 
thickness desired the intermediate values can always be 
filled in by combining suitable thicknesses selected 
from the series. | 


Fractional Layers 
If the thickness of a known medium is reduced to half, 
the reflection from this half layer is 
Ry ema (11) 
and the transmission 1S 


T,= VF —R») (12) 
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A layer of thickness 14 has a reflection. 


(13) 
and a transmission 
T= NT (14) 


This process of dividing by 2 can be repeated indefin- 
itely, but no general expression has been found that 
would enable one to write, for example, Rk; and T; 
directly. In deriving any Ry or Ty the entire series 
IN aks, bijohy oles simust .be computed. [fan 
intermediate value such as R3, IT, is desired, the 
formula for two layers can be used. Thus 


Reps 
R: — Ri : 
: : a 1 haa Rik, 
rs Ts 
Te; = -—* 
* 1-RiR; 


~The same combining equations hold for any com- 
bination of an integral thickness 7 and a fractional 
thickness :f. Thus 


dey a 
T; See 1 
gee. (15) 
Lie 
Rpas=R; 1 
ie Gs oie SRR. (16) 


There is an alternate way of writing the latter 
equation by reversing the order of layers so that, going 
in the direction of the propagation of light, we have an 
f layer plus an z layer, for which 


Ril*s 


Ree hae aa (17) 


1— Riky 


When the two layers are of identical material, the last 
two equations yield identical numerical results, but 
they differ if the materials are not the same. 


Limiting Value of Rn 

If the values of Ri are computed for increasing values 
of 2 there will come a time when Ri seemingly reaches a 
maximum, and this pseudo maximum occurs for all 
values of J and R. This maximum can be visualized by 
considering a piece of thin typewriter paper laid on top 
of a piece of carbon paper. The reflectance will seem 
to be low for a single sheet of white paper since the 
black background will have an effect. Let a second 
layer of white paper now be added and the two together 
will be noticeably whiter. If successive sheets are added, 
the stack will soon remain unchanged in appearance as 
new sheets are added; and this is the condition repre- 
sented by the level section of the R curve shown in 
Fig. 2. Let the number of sheets that produce this 
constant condition be N; then since N+1 sheets will 
give sensibly the same reflection as N sheets we can 
write, replacing Ry, by Ry 


Ry 


RN 
: VR R 


(18) 
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Fig. 2. These typical transmission and reflection curves illustrate the 

manner in which transmission varies between 1 and 0 as limits, and at the 

same time, the reflection rises from 0 to a limiting value called Ryn. This 

limit can be computed from any pair of values Ra, Ta, and hence with 

Ry known any 7p can be computed from a selected Rp, or any Rp from a 
selected 7p 


Solving for Ry we get 


LPR N Geeky ae 


Ru= 
4 QR 


(19) 
for the maximum, or saturated, value of reflectance 
for the given value of 7 and R. 

This equation has proved to be a useful analytic tool. 
If any pair of values Ta and Ra is known for a given 
material, this pair will yield the same value of Ry as 
any other pair 7» and Rs, as illustrated in Fig. 2. It 
follows that if Ry is known for any material we may 
select any Tn and solve for the corresponding Rn, or 


Fig. 3K This diagram can be used 


1.0 : for approximate determination of 
Rn and Jn when R and T for some 

0, . particular thickness are known. 

K\ ~< Each diffusing material has a char- 


acteristic curve similar to those 
converging at the top of the dia- 
gram. The thickness scale, with its 


0.9 ex Qs 
08 Maas Oo unity value arbitrarily placed in 


\y \) \ o the center of the sloping edge of 
\ \ .e) the diagram, may be used to esti- 
X\ ox \ mate positions on the characteristic 
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given Rn, solve for the corresponding Tn. Thus given 
Ry and Tn, the solution for Rx is 


Rey tla VRiy+1)?—4Rw(— Ps) 


2Ry 
or, given Ry and Ru, the solution for Tn is 
Ry —Rn)(1—RyRn) 7? : 
: Ry 


It should be noted that this method gradually fails 
when Rn moves into the Ry region, since the Ry-Rn 
factor in the equation tends to vanish. 


Characteristic Curves 

The transmission of any material varies from | 
when the material has zero thickness to 0 when it has 
infinite thickness. The reflection on the other hand 
varies from 0 at zero thickness to some finite limited 
value at great thicknesses. Each material has a single 


curve to co-ordinates (R, T) as shown by the curves that 


diverge from the top point of the diagram in Fig. 3. 
Each curve ends in a perpendicular direction at the 
base line where the transmission is zero, and the 
reflection is limited to a value less than 1. A scale of 
thicknesses is marked on the upper sloping boundary 
of the diagram, and the mid-point of this scale is 
arbitrarily taken as unit thickness. The line of unit 
thickness extends from 1 on the thickness scale to the 
(0, 0) point of the diagram, and the point where it 
crosses a characteristic curve can be called its unit 
thickness. The values of T and FR are equal at this point, 
as for example, the curve that passes through K=0.3 
and 7T=0.3. Doubling the thickness gives R=0.33 
and T =0.1 as read at the intersection of the character- 
istic curve and the thickness scale curve from 2 on the 
sloping scale. Half the thickness of the same material 
gives R=0.23 and T=0.53. The characteristic curves 
are strongly curved for high values of R with the result 
that the accuracy of reading chart is very low. Fig. 4 
is an enlargement of the chart for values of R greater 
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These reflection curves are based on a thickness of media such that the reflection and transmission are equal. For thin layers the slopes of the curves 


show that the reflection varies directly as the thickness, while thick layers are unchanged in reflecting power for small changes of thickness 


than 0.88; better accuracy can be ob- 
tained by its use. The figures on the 
characteristic curves are the values of K 
and T at the arbitrary unit of thickness. 


Reducing Q to Zero 

When the transmission andreflections 
are equal for some thickness p of the 
medium, the subscript p is attached to 
all letters R and T to indicate that they 
are based on par values Rp= 7» and this 
subscript must be retained because the 
following equations are true only for 
this par condition: 


To=1 


Tiw=Tp 


Lop = Te/) La el } 

Tsp = To°/{1-2R? } 

Poko 3R y+ Ro! } 

Eer= H/{ 1—4R,?+ 3Ro'} 

ee | iN 
Trp =Tp'/ 1 —6Ro? + 10Ry'— 4 


and these lead to the general equation 
UG=))! 3. Ca 
1!(¢—2)! 2'(i—4)! 


G3)! 
31(4—6)! 


The expressions for reflections are 


Ro — (0) 
Rip = Rp 
Rete) 
ING IIR 1 
op =Kp+ Dl f 
Ra lee 
Rap = Ke + : ae 7 
ge) Re 
eed 
Ry=Rpt a. aR | 
Kol. 
Rep =Ro+ — “| 1-884 Re } 
Dep 
Rip = Rete aaa 1—4R,y’?+3Ro!' 
Dip 


giving as the general pies 
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R,6 i (22) The simplification that results from the elimination 
Ao f of Q now makes it possible to compute thicknesses 
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(23) 


greater than 10 without undue work; and there is a 
notable improvement in accuracy for a given number 
of digits used in the computations. 


Combinations of Dissimilar Media 

When two or more dissimilar media are used together, 
several distinctive phenomena occur. The mathematics 
will be omitted, and only a general summary will be 
given. Let us assume that only two media are con- 
sidered, one having high reflectance R;, and the 
other having a lower reflectance Rp. The transmission 
through the two media is independent of the direction 
of passage of the radiation. Symbolically we have 


Lip pr (24) 


where the order of the subscripts L and D indicate the 
direction of passage. This relation is of particular 
interest to campers who use a double-walled tent 
having a layer of white canvas and a separate layer of 
black canvas. So far as direct transmission of light is 
concerned the order of arrangement is immaterial, but 
the reradiation effects differ markedly. With the white 
side receiving sunshine the reflected energy is high and 
the temperature of white and black canvas is a mini- 
mum. With the black canvas outside the absorption is 
high and the temperature of the walls, and the inside 
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of the tent, is a maximum. We have, as a matter of 
observation, since we see by reflected light, 


Rrp >Roprz (25) 


When three or more different media are associated, 
the transmission is dependent on the order of arrange- 
ment, except for cases of right and left symmetry. For 
example, three media, L, M, D, have different trans- 
missions for variations in arrangement such as Ty;yp 
and Trppy; but Tryp and Tpyz are identical since 
this change is equivalent to changing the direction of 
passage of the radiation. The reflection varies with both: 
the arrangement and the direction of passage, as illus- 
trated in Fig. 7. 

A given medium has the greatest influence on trans- 
mission when in the center of a group and least when 
in an outside position. 


A Nonabsorbing Medium 

Anideal diffuser (Fig. 8)—one that reflects and trans- 
mits without the loss of radiation—has the basic relation 

| A=0 
R+T=1 3 

and there are continuous expressions for both reflection 
and transmission that are valid for any thickness 
between zero and infinity. 
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Fig. 6. 
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These transmission curves are for a thickness of media having J =R. These cufves correspond to the reflectance curves of Fig. 5 
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Thus 
T 
ppc eae 2 
. 1+(n—1)R 28) 
and 
nR 
Pa TS a ERS 2 
x 1+(n—1)R (27) 


An inspection of the curves shown in Fig. 4 in the 
region where u is large shows that even a small ab- 
sorption makes an appreciable difference in both 
reflection and transmission. With A=0O and u=82, 
the transmission of a medium having T,=R,=0.5 is 
0.0303, while the same thickness of medium having 
T»=R»=0.4998 has a transmission of only 0.0260, a 
change of transmission of 14.2 per cent for a loss of 
0.02 by absorption. This shows that Equations (26) 
and (27) are useful only in the ideal case of no absorp- 
tion. 


Fig. 7. These curves are for various combinations of a poor reflecting medium 

(D) associated in various ways with four good reflectors (Z) in the order indi- 

cated by the letters at the bottom of the diagram. The transmission curve T 

is symmetrical right and left showing that the transmission is independent 

of the direction of transmission. The reflection is dependent upon both direction 

and the location of the dark medium, and the absorption is also dependent on 
the same factors 


Fig. 8. ‘These R and T7 curves are for an ideal diffuser that does not absorb radiation. Corresponding curves are identified by making R+7 =1 at any abscissa. 
The equations are continuous and valid for any thickness from zero to infinite thickness 
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2 NEW TOOLS FOR PRODUCTION LINE OR LABORATORY ' 


© SAVE TIME | 


¢ SAVE MONEY 


scientific and 
Expert design assures simple 


tedious methods. 


production rates. 


The newly-developed instruments shown on 
this page are already proving their value in 
industrial processing fields. 
installation, 
-easy operation, and a minimum of mainte- 
nance. Fast and accurate performances result 
in time and cost savings. These tools solve 
newly-encountered problems and replace old 
Recently-found applica- 
tions of these instruments are constantly 
simplifying testing procedures and improving 


1, NEW LEAK DETECTOR DOES FASTER, BETTER JOB... 


In the application shown, the G-E 
leak detector is being used to test studs 
on transformer plates for oil tightness. 
Contamination of material, which re- 
sults from the method using air pressure 
and a soap solution, is avoided since 
helium, which is inert, is used as the 
tracer gas. The leak detector is a special 


2. ION GAGE MEASURES HIGH VACUUMS 


With the G-E ion gage, the highest vac- 
uums ordinarily encountered in factory 
or laboratory processes can be measured 
or monitored continuously. This instru- 
ment is used to measure high vacuum 
in process-control spectrometers, elec- 
tronic-tube manufacture, vacuum-pump 
testing, and as a vacuum-failure relay. 
It measures pressures of 10% mm (0.1 
micron) to 10% (0.0001 micron) of 
mercury. The ion gage circuits permit 
the indication of small pressure changes 
and the measurement of slow pressure 
drifts—without the inconvenience of 
continual adjustment. The gage tube 
filament is protected by automatic 
disconnection of the current at pressures 
eabove 10% mm. Write for Bulletin 
GEA-4529. 
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mass spectrometer which locates leaks 
in closed systems—even small leaks in 
the presence of large ones. It is used to 
test leakage in radio tubes, refrigerator 
parts, boiler tanks, piping systems, and 
other closed systems which can be 
evacuated. For further information, 
write us. 


3. X-RAY PHOTOMETER FOR 
CHEMICAL ANALYSIS 


Independent of the physical or chem- 
ical state of the material, the X-ray 
photometer indicates the concentration 
of one chemical element in the presence 
of others. Typical applications include 


. the determination of the sulphur content 


of oil, the ash content of coal, and the 
halogenated hydrocarbon content of 
plastics. Built for continuous use, the 
X-ray photometer operates on the prin- 
ciple of X-ray absorption between sam- 
ple and reference. Write for further 
information. 


800-30-8851 
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@Newly-discovered application—new G-E leak 
detector is being used in a test for leaks on a 
large transformer cover. This method is quicker 
and does not contaminate the oil as the old 
method using soap solution and air pressure did. 


IN ADDITION, G.E. BUILDS: 


Coil testers 
Coil-turn counter 
Core-loss test equipment 
Dew-point indicator 
Dew-point recorder 
Differential analyzers 
Pressure gages 
Thickness gages 
Thermal gas analyzer 
Insulation-resistance meter 
Luximeter 
Mass spectrometer 
Mercury-vapor detector 
Metal detectors 
Magnetic comparator 
Reflection meter 
Repeated-scrape abrasion tester 
Resistance comparator 
Schlieren equipment 
Sound-level meter 
Spectrophotometer 
Standard roughness specimens 
Tachometers 
Time-interval meter 
Vacuum gages 
Vibration-fatigue equipment 
Viscosimeter 
Winding-insulation tester 
Nuclear research equipment 
The products listed are only a part of the 
complete line of measuring and testing tools 
offered by the General Electric Company. Our 
engineers are specialists in adapting these 
devices to your individual needs. For help and 
advice, call or write the G-E office nearest you. 


SPECIAL PRODUCTS DIVISION, APPARATUS 
DEPT., GENERAL ELECTRIC, SCHENECTADY 5, N.Y. 


RQ 


Fatigue-testing machine for metals 


Metals Tortured in New 
Testing Method 


Breaking, twisting, and bending hard 
metals with compressed air is the new 
method developed to determine the 
strength of metals and alloys. 

A pneumatic fatigue-testing machine, 
the operating principle of which is similar 
to that of a slide trombone, is used to 
vibrate metals and alloys at their natural 
frequencies until they crack or break 
under the stress and strain, thus determin- 
ing their dur4bility for actual operating 
conditions. 

The new method of fatigue testing is 
declared to be the most rapid in the field. 

Originally developed to test gas-turbine 
buckets, the fatigue tester has proved so 
efficient and adaptable that it is expected 
to find wide industrial applications. 

The tester is a simple machine. The 


Generator for Dnieper Dam 


operating mechanism consists of a tuned 
air column in which the tuning is accom- 
plished by decreasing the length of the 
aii path, much as a trombone player 
changes the pitch of his instrument by 
moving the slide. 

The fatigue life of metal parts—for 
instance, metal buckets of gas-turbine 
aircraft engines—may be tested on the 
machine under the same high tem- 
perature conditions that are experienced 
in actual operation. Tests can be run at 
temperatures as high as 1700 F. Actual 
parts of the gas turbines and electric 
devices, rather than samples of the 
metals, may be tested with the new 
machine, which is so accurate that even 
the start of a crack may be detected. 

Metals of parts of equipment to be 
tested are attached to a piston, which fits 
loosely into two cylinders. Air pressure 
is directed through the cylinders so that 
it vibrates at the same natural frequency 
as the metal being tested. An optical 
system is used to measure the amount of 
vibration, while an electric meter at the 
base of the machine records the resonating 
frequency of the piece being tested. 
Charts are kept to determine the number 
of stress reversals the metal can withstand 
before it fatigues. 

The machine has produced stresses as 
high as 100,000 Ib per sq in., with no 
more air being used than that supplied by 
the average vacuum cleaner. 

The fatigue tester has no moving parts 
to wear out, as nothing moves but the 
piece of metal under test. Three designs 
of the machine have been built, all 
operating on the same principle, but 
different in size for holding varied sizes of 
materials to be tested. 


Generator for Dnieper Dam 


The last of three hydroelectric gener- 
ators for Russia’s famous Dnieper Dam is 
nearing completion. 

The Russians have already received 
parts of the first two machines, and they 
expect to begin producing electricity 
again in the Dnieper plant this December. 
The restoration job is expected to be 
completed by 1948. 

Like its two predecessors, the generator 
weighs more than 2,250,000 lb. These are 
the largest in physical size ever built. 
With a frame diameter of 42 ft 5 in., the 
new generators are so large that they 
would be taller than a three-story building 
if they were set on their sides. , 

The generators have an output 16 per 
cent greater than that of the waterwheel- 
driven generators built in 1931- for the 
same Soviet power plant. Each of the new 
units is rated 90,000 kva, as compared with 


Locator probe aids medical science 


77,500. kva of the original generators, 
which made the Dnieper power plant the 
largest in the world at the time of its 
completion in 1932. Then it turned out 
3,000,000 kw-hr annually for factories, 
mines, and collective farms in the Ukraine 
and elsewhere in southern Russia. 

In addition to providing electric power, 
the dam is designed to make the Dnieper 
River navigable by submerging the rapids 
50 miles above the dam, and to provide 
irrigation for an agricultural region handi- 
capped by periodic droughts. 


Partly destroyed by the Red army in 


1941 to prevent its use by the Germans, the 
dam was further damaged by the Germans 
during their retreat in 1943, when all 
generators and turbines were destroyed. 


Locator Probe Aids Medical 


Science 


A sensitive new aid to medical science— 
one which found widespread use during 
the war as a means of spotting quickly 
and exactly the position of foreign objects 
in the body—has become available for 
civilian use. 

The device, known as the Berman loca- 
tor, offers a highly accurate means for 
locating metallic foreign substances within 
a few minutes. It provides a reliable 
guide to the surgeon both pre-operatively 
and as a means of re-orientation within the 
incision during the operation. Trauma 
is minimized because of the accuracy of 
detection. The locator indicates the pres- 
ence and direction of metals in the body 
by both visual and audible means. 


we 
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Although not intended to supplant 
the roentgenogram and the usual x-ray 
examination prior to operation, the loca- 
tor may be used alone when x-ray is not 
available. 

An audible note of increasing pitch sig- 
nals the approach of the probe, or locating 
instrument, to the foreign body. When used 
on its side, the long, thin probe can be 
used initially to spot the foreign body 
over a wide area. After the field of search 
has been narrowed, the tip will give 
exact location, with probe perpendicular 
to the surface of the skin. 

Exclusive of Army and Navy use, the 
unit has a record of more than 150 suc- 
cessful operations, including some on the 
heart, brain, lungs, eyes, spine, and ears. 
It is sensitive to magnetic materials and 
to some nonferrous metals. 

Principal users have been industrial 
surgeons (who can often use the locator in 
emergency location work without steriliza- 
tion to determine quickly the suspected 
presence of a foreign body), ophthalmolo- 
gists, and general surgeons. ‘The device is 
equipped with two probes—one a spare 
in case the original is lost, unsterile, or 
damaged. A rubber sheath fitted over 
the probe is the only part requiring 
sterilization. Thus fitted, the probe may 
be safely used within a wound. 

Portability of the equipment. is illus- 
trated by the fact that it weighs only 25 
lb complete and can be easily carried in 
its case, which is similar to that of a port- 
able radio. Modeling clay and sample 
foreign bodies are included with the 
apparatus for practice purposes. A few 
hours of experimentation with this ma- 
terial are usually enough to permit the 
physician to proceed with its use. 

The probe consists of a primary or 
exciting winding, which creates an alter- 
nating magnetic field about the probe and 
renders its magnetic core a bar magnet 
with two poles. Through the secondary or 
detecting winding, the changes in this field, 
caused by approaching a metallic body, 
register on the indicator. The closer the 
approach, the higher the indication, and 
vice versa. 


Process for ‘“‘Weaving’”’ 


Metals 


A process being used to “weave”? 
various metals for decorative grilles in 
radio. receivers can produce countless 
patterns of woven plastics, wood, and 
rubber, which may find numerous domes- 
tic and industrial applications. This proc- 
ess is called ‘‘multi-weaving.” 

Multi-woven patterns may be com- 
posed of materials of the same or different 
family groups, or any combination of them. 


“With so wide and versatile families of 


base materials to work from, hundreds of 
unique designs and styling combinations 
aré possible. 

The strands and fillers used in multi- 
weaving are held securely in position 


QaAtLA KARO AC 


under tension at the points of intersec- 
tion. The metal or other material used 
does not vibrate under acoustical or 
mechanical force and has a stiffness factor 
which prevents buckling or wrinkling. 
The weight and size of the multi- 
woven design is determined by the gage 


of the material to be used. In manufac- 


turing a broad range of designs, the 
multi-weave machine makes single or 
multiple, wide or narrow strands in a 
variety of colors and different finishes. 

~ Applications foreseen for multi-woven 
material include air-conditioning and 
heating grilles, window blinds, many 
types of screens, lawn furniture, ship 
walks and protective railings, decorative 
partitions, and flooring. 


Leak Detector 


If there were a reason to find the 
proverbial ‘“‘spit in the ocean,’’ a device 
with the accuracy and sensitivity of the 
newly developed leak detector probably 
would be given the job. 

This instrument is solving many scien- 
tific and engineering problems by its 
rapid detection of almost infinitesimal 
leaks in vacuum tubes and vessels of 
various sizes. It is sensitive and accurate 
enough to detect a hole so tiny that 15,000 
years would be required for the contents 
of a quart bottle of air at atmospheric 
pressure to leak through the hole. 

The leak detector makes it possible 
for industry to improve its methods of ob- 
taining high vacuum necessary for more 
efficient radio, electronic, and x-ray 
equipment. 

Before the war, very high vacuum had 
found general commercial application in 
only one large field—the evacuation of 
electric light bulbs and electronic tubes. 
In the early 1940’s, high-vacuum proc- 
esses began to move swiftly up to posi- 
tions of critical responsibility along the 
entire front of war production. ‘They were 
used in the manufacture of electronic 
equipment, magnesium for planes and 
bombs, blood plasma, penicillin, in the 
dehydration of foods, distillation of essen- 
tial vitamins, and many other things. 
~High-vacuum physics. also brought to 
realization such developments as the 


betatron and cyclotron for nuclear re- 


Multi-woven material: finished (left), and in process 


New leak detector in use 
P| 


search, the mass spectrometer for chemi- 

cal analysis, oscillographs and _oscillo- 
scopes for electrical measurements, the 
electron microscope, and powerful x-ray 
equipment. 

The leak detector permits results to be 
attained in the high-vacuum field that 
either would be impossible by conven- 
tional methods or would require much 
greater time and more tedious work. 
Before development of the device, the 
detection of small leaks in vacuum systems 
was a troublesome problem. 

Using helium as a tracer gas, the in- 
strument will detect the normal helium 
content of the atmosphere, which is about 
one part in 200,000 parts of air. If a leak 
is present in a vacuum system, the leak 
detector will respond in about one second. 
It is also capable of locating small leaks 
in the presence of larger ones. 

‘Two methods of leak detection are com- 
monly used with the instrument: the jet 
method and the. envelope method. The 
latter involves the use of a container of 
helium to surround the vacuum system 
being tested. This method indicates the 
presence of a leak but does not show its 
exact location. ‘he jet method shows the 
location of a leak within 1/32 in. A small 
jet of helium is moved over the suspected 
leak area, and the indicating instrument 
deflects when the jet passes over the leak. 


of being woven (right) 


HOW TO PRESERVE A 
SCHEMATIC DIAGRAM 


@ 


Here’s a schematic diagram that will last as long as the 
equipment on which it goes—in years to come, maintenance men 
will be able to get at a glance the information they need. 


It’s made of tough and durable G-E Textolite laminated 
plastics and has good chemical, weathering, and impact resistance— 
excellent electrical insulating properties too. The precise drawing 
in red and black is quick to read, and strong construction insures 
this readability for many years. 


G-E Textolite instruction plates, control dials, charts, and 
nameplates have proved superior to those made with other ma- 
terials in many applications, and so that various application require- 
ments can be met satisfactorily and economically, several types are 
available—Graphic, Engraved, Printed, Stamped, or Embossed. 

Why not investigate the possibility of preserving that im-. 
portant product information on your equipment with G-E Textolite 
instruction plates. Write to Section FF-5, General Electric Com- 
pany, Plastics Division, Chemical Department, One Plastics Avenue, 
Pittsfield, Mass. 


G-E TEXTOLITE IS SUPPLIED IN THE FOLLOWING FORMS: 


Fabricated parts 
Instruction plates 
Low-pressure molded parts 
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Sheets, tubes and rods 
Post-formed laminates 


Molded-laminated parts 
Translucent laminates 
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~TEW PRODUCTS: 


Tunable Coil Form 


Coil form No. 74001 is of the permea- 
bility-tuned, shielded, plug-in type. Of 
polystyrene 14 in.-in diameter, it has a 
standard octal base of low-loss mica-filled 


bakelite, heavy aluminum shield, and 


‘iron tuning slug of the high-frequency 


type. It is suitable for use up to 35 mc. 
An adjusting screw protrudes through 
the center hole of the socket. Special 
extension terminals facilitate connection 
to base pins.—James Mullen Manufactur- 
ing Co., 150 Exchange St., Malden, Mass. 


Overhead Connectors 


Penetrox, a compound which pene- 
trates oxide on conductor surfaces and 


seals them against air and moisture, is. 


featured in Hysplice connectors for over- 
head high-tension lines. It is claimed that 
highly efficient connections can be made 
even, on oxidized cables. 


Each connector is sealed at each end. 
The seals are removed on the job, and 
the conductors inserted into Penetrox- 
filled connector barrels in the usual 
manner. When the connector is indented 
onto the cable with the Hypress, the 
‘Penetrox is forced over and around the 
individual strands, penetrating the oxide 
and providing a metal-to-metal conneéc- 
tion of high conductivity.—Burndy Engi- 
neering Co., 107M Bruckner Blvd., New 
York o4;0Ni2Y. 


Portable Spot Welder 


A giant portable spot welder, capable > 


of welding up to three thicknesses of -in. 
structural steel without removing the 
rust and scale usually present on this 
material, may be crane-suspended or 
pedestal-mounted. 


Welding through rust and scale is 
accomplished by a special electronically 
controlled sequence which provides (1) a 
pre-weld period of high pressure and low 
current to burn off oxide; (2) a high- 
current welding period during which 
electrode pressure is reduced for greater 
efficiency; and (8) a post-weld period 
which retains the high current under high 
pressure. Current is interrupted and high 


pressure retained for a final forging 


action. 


Peak power demand when welding 
maximum thicknesses is around 500 kva. 
Speed is from 2 to 25 spots per minute, 
depending on thickness and degree of 
scale.—Sciaky Bros., Inc., 4915 W. 67th 
St., Chicago, Ill. 
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Magnetic Recording Tape 


Hyflux is a metallic tape developed as a 
magnetic recording material. The tape 
has a high degree of magnetic flux. This 
is achieved through the use of an unusual 
magnetic powder, having magnetic char- 
acteristics comparable to those of well- 
known grades of alnico and which, when 
coated on a paper tape, produce a record- 
ing medium of good fidelity and economi- 
cal cost. 

A sound recorder has also been de- 
veloped for use with the tape.—Indiana 
Steel Products Co., 6 N. Michigan Ave., 
Chicago 2, Ill. 


Electroplating Control Table 


The Diggin electroplating control table 
is a complete miniature plating laboratory 
designed for either routine control of 
plating solutions or research on electro- 
plating problems and processes. 

Test panels can be plated under closely 
controlled conditions so that the results 
of additions, impurity removal treat- 
ments, and variations in operating con- 
ditions can be observed. Only a few 
hundred milliliters of electrolyte are 
required for these tests. | 

On a 36 by 36 in. control panel are 
mounted all instruments and _ service 
outlets needed for tests.—Hanson-Van 
Winkle-Munning Co., Matawan, N. J. 


Expansive Bit 


A heavy-duty expansive bit with -in. 
straight shank may be used in an electric 
drill or drill press to bore holes 114 to 
31% in. in wood. 


The center lip, which cuts away the 
core at the center of the hole, extends 
back to form a clamp which firmly holds 
the adjustable blade at the diameter set. 
The clamp is locked tight by means of 
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AND WHAT THEIR MAKERS 
HAVE TO SAY ABOUT THEM 


a screw. Once locked in the positive 
wedge-lock V-groove, the cutter remains 
securely in place. 


An improved diamond-shaped screw- 
point gives longer life by lessening the 
chance of breakage. The lead screw is 
threaded finer than is usual for this type 


of tool.—Bruno Tools, 93830 Santa Monica 


Blvd., Beverly Hulls, Calsf. 


Prefabricated Portable 
Darkroom 


Prefabrication has come to the pho- 
tographer in the form of a prefabricated 
portable darkroom, known as Blak-A- 
Zell. The unit comes knockdown in five 
crates and may be assembled in approxi- 
mately six hours by one man, or four 
hours by two men. It is completely wired 
and fitted with plumbing, shelves, dry 
racks, and 8-ft stainless steel sink with 


built-in print wash tank, air filter, and 
space for exhaust fan. It occupies floor 
space of approximately 8 ft on each side 
and is 7 ft, 8in. high.—Alco Photo Supply 
Corb., 16. W. £7th St.) New Vork,. N.Y 


Ball Grading Machine for 
Small Ball Bearings 


Production line precision for small ball 
bearings is aided by a unique ball grading 
machine which is accurate to within a 
tolerance of 0.00002 in. 


Upon being placed in the glass-en- 
Closed grading machine and sorted, the 
balls are guided into numbered chutes, 
the ends of which are connected to glass 
vials by means of flexible tubes. The 
Various vials are carefully labeled, and 
their contents kept separate, so that only 
balls of the same size are used in as- 
sembling any one bearing.—Bell and 
Howell Co., 7100 McCormick Rd., Chi- 
cago 45, Il. : 


c-7 


ee ee 


Stripping Compound > 


Armatex thermoplastic stripping com- 
pound has a dipping range of 200 to 250 F 
for application to armature shafts and 
motor-coil connecting points prior to 
varnish, lacquer, or wax impregnation. 
It provides a single-dip application and 
sets instantly. The average thickness of 
the coating is 0.075 in., and it will not 
re-melt at oven baking range to 325 F. 
-This compound will peel clean after the 
complete cycle of baking operation.— 
Riley and Geehr, Inc., Plastics Div., 1 N. 
LaSalle St., Chicago 2, Ill. 


Projection Screen 


The EC projection screen is available 
in eight sizes, from 6 by 8 ft. to 12 by 12 
ft. The screen has the following features: 
either wall, ceiling, or tripod installation; 
reversible hanger brackets; heavy-duty 
spring roller; dustproof metal housing; 
reinforced metal end caps; balanced pull 
cord; Hy-Flect glass-beaded screen fab- 
ric.—Radiant Manufacturing Corp., 1144 
W. Superior St., Chicago 22, Ill. 


Selenium Rectifier Plates 


Developed specifically for high-current 
capacity and especially applicable for 
electroplating and battery charging, but 
not limited to this size, are the 5 by 5% in. 
selenium rectifier plates built on alumi- 
num. Featuring long life and minimum 
weight with maximum heat-dissipating 
value, these stacks when arranged in suit- 
able combinations of series or parallel 
plates are very compact and deliver con- 
tinuous economical service.—Radzio. Re- 
cean Co.,; 251 W. 19th St., New York.d1, 


Safety Test Lamp and 
Voltage Indicator 


A combination safety test lamp and 
voltage indicator is equipped with a 
filament lamp (not neon) and has only 
one test lead. It may be used on a-c or d-c 
circuits to locate grounds, opens, blown 
fuses, motors running single phase, trac- 
ing control and other circuits, and to 
indicate approximate voltage. It gives 
definite signals in brightly lighted as well 
as in dark places without confusion. No 
fuses are required._—Holub Industries 
Inc., Sycamore, Il. 


Tube Tester 


Tube tester Model 322 permits quick 
pee accurate testing of practically every 
oak type of receiving tube. The 
i ynoptimum circuit permits rapid opera- 
pon with a minimum of controls—only 
Our. Special adaptations are incorpo- 


rated in the tester for checking individual 
sections of multi-purpose tubes. A con- 
venient jack is provided for headphone 
tests of noisy, swinging, or high-resist- 
ance connections. In addition, close toler- 
ances are produced.—Radio City Prod- 
ucts Co., 127 W. 26th St., New: York 1, 
INGEN 


Hand Tachometer 


An improved hand tachometer is 
accurate to within 0.5 per cent. It con- 
tains an improved device and is built to 
withstand hard usage. Outside influences, 
such as electricity, magnetism, changes 


of temperature, moisture, do not affect . 


its accuracy. A double cross pendulum is 
used for balance, so the tachometer can 
be used horizontally or vertically. The 
rotating gear shift is dustproof and 
eliminates shifting troubles.—O. Zernic- 
kow Co.,15 Park Row, New York 7, N. Y. 


Stepping Switch 


A spring-driven stepping switch has 
been designed to perform any of the 
following control operations: selection, 
sequence control, counting, and totalizing. 


i 
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Maximum number of contacts for a 
20-point switch is 8; for a 40-point switch, 
4, Maximum operating speed with remote 
control is 30 steps per sec. Average operat- 
ing speed with self-cycling operation 1s 60 
steps per sec. 

The switch consists essentially of one 
or more wiper springs fixed on a shaft 
rotated by a pawl and ratchet mechanism. 
This mechanism is actuated by an electro- 
magnet which responds to momentary 
current impulses. When the magnet is de- 
energized, the wiper assembly is driven 
forward by a spring.—C. P. Clare Co., 
4719 W. Sunnyside Ave., Chicago 80, Ill. 


Aircraft Wire > 


Neolay aircraft wire reduces fire hazard 
and lightens the weight of planes. The 
wire is 30 per cent lighter than con- 
ventional electrical wire, and if used in a 
plane the size of a B-29 Superfortress, it 
would save nearly 300 Ib. 

The flameproof' insulation consists of 
a layer of glass fiber to insure circuit 
integrity and a fire-resistant synthetic 
rubbér applied by a special dipping proc- 
ess. The over-all diameter is 15 per cent 
smaller than conventional aircraft wire. 

Recent tests show the wire to be highly 
resistant to oil, chemicals, mildew, and 
fungus.— United States Rubber Co., Rocke- 
feller Center, New York, N. Y. 


Gear Testers 


Two models of Parkson gear testers 
have a maximum capacity of 19 in. 
center distance. 
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One of the models is equipped with a 
box-shaped upright which carries an 
adjustable bracket with means _ for 
clamping it in any desired position. This 
arrangement provides vertical centers for 
holding gears or pinions that are cut 
integral with their shafts or mounted on 
arbors. 


The other model has been specially 
designed for testing internal gears, either 
against the mating pinion or against a 
master, and incorporates a simple ar- 
rangement for reversing pressure. 

Both models embody a precision scale 
and over-size vernier. The operation is by 
handwheel through rack and pinion.— 
George Scherr Co., 200 Lafayette St., New 
VorR 12.3N.. Ve 


Electric Control Device 


Features of the Mercu-trol control 
device include hermetically sealed heavy 
tungsten contacts; mercury-to-mercury 
make and break in inert gas; heavy glass 
enclosure. There is one moving part—a 
positive free-floating magnetic plunger— 
which operates silently. 


1 


The device is dust- and moistureproof, 
and as there is no exposed arc, it is safe 
under all operating conditions. It is 
compact in size—25g by 44% by 24 in. 
Motor loads up to 2 hp-——110 or 220 volts 
a-c—and current loads up to 35 amp for 
110 volts or 25 amp for 220 volts may be 
handled.—Mack Electric Devices Co., 
Elkins Park, Pa. 


Electric Power-tool Kit 


An electric hand power-tool kit is 
designed for mechanics and amateur 
craftsmen. Featuring a finger grip which 
permits the hand to hold the tool closer 
to work, the tool is suitable for fine detail- 
ing as well as for heavier roughing. The 
grip effects minimum fatigue. 


(Continued on next left-hand page) 
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—capital of New South Wales—and one of the largest cities in the Southern 


Hemisphere, is highly industrialised and its factoties produce a wide variety 


of commercial and industrial goods. Other claims to fame ate the beauties of 


% BTH supplied turbo-generators for the Elec- 
tric Light and Power Corporation of Sydney; 
switchgear for the Bunnerong Power Station; 
rectifiers for railway electrification, etc. Mazda 
Lamps are used extensively for-all forms of 
lighting. 
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its Harbour, Port Jackson; its Harbour 
Bridge with a single span of 1,650 feet, 
carrying a roadway, two footways, two 
railway tracks and two tram tracks; and 
its graving dock, newly completed, 
which takes the world’s greatest ships. 
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straight reciprocating type. Straight 
cylinders are available up to 8-in. bore 
and 30-in. stroke. 7 

Other types of remote positioning 
cylinders are available using electric 
instead of pneumatic transmission.— 
Askania Regulator Co., 16038 S. Michigan 
Ave., Chicago, Ill. 


Pyrometer Kit 


Model 2863 is a compact, lightweight 
ortable pyrometer kit containing a high- 
resistance portable pyrometer (equipped 
with a ‘‘pistol-grip’’ handle), a straight- 
type extension with adapter for iron- 
constantan surface thermocouple, and an 
assortment of thermocouples. An addi- 
tional adapter is furnished for use with 
the bare and prong thermocouple tips 
which are also included in the kit.— 
Wheelco Instruments Co., 847 Harrison 
V., Chicago 7, Ill. 


Transmitting Tubes 


Recent developments in _ electronic 
transmitting tubes include a forced-air- 
cooled transmitting tube, Type GL-5518, 
and a three-electrode tube, Type GL- 
5C24, 

Designed for use as a Class C radio- 
frequency amplifier and oscillator, the 
air-cooled tube is well adapted for 


grounded-grid circuit applications. Actual 
tests at 108 megacycles under class C 
conditions show a useful power output 
of 12.9 kw at a d-c plate voltage of 6000 
volts. These tests with a 10-kw trans- 


_mitter also proved the practicality of the 


tube’s ring-seal contact design in making 
fast tube installation and simplification of 
equipment design. 


The three-electrode tube has been 
designed and tested for service as Class 


A and Class AB; audio-frequency ampli- 
fier and modulator. With relatively high 
plate dissipation rating and a low mu, 
the tube is well suited for high-power 
AM transmitter applications where very 
low distortion levels are desired.—T ube 
Dw., Electronics Dept., General Electric 
Co., Schenectady, N. Y. 


“ALNICO” permanent macners 


Specializing in the production of highest quality Alnico Magnets in all grades in- 


cluding new triple strength No. 5. 


Production material checked to assure highest uniform quality of product. 


Castings made to customer's special order on the basis of sketches or blueprints 


furnished. 


Information and suggestions furnished on request. 


MANUFACTURERS OF HIGH COERCIVE MAGNETIC ALLOYS 


10001 ERWIN AVENUE 
DETROIT 5, MICHIGAN 
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World-Wide Photo 


INSTRUMENTS? 
Oscillographs 
Flux Meters — 
Watt-hour Meters 
Flow Meters 


Ammeters 
Voltmeters — 
Galvanometers 
Seismographs 


RADIO, SOUND AND COMMUNICATIONS 
Sound-powered ae 
‘Telephones. — 
_ Microphones Telephone Ringers — 
Hearing Aids Voltage Regulators 
Electrical Musical © Phonograph Cutting Heads 
Instruments. Phonograph Pick-ups . | 


Loud Speakers | 
Headsets — 


_ Light Meters 
Cardiograph 


Recorders 


Vibration Pick-ups 


EQUIPMENT? 
Vibration Pick-ups 
Polarized Relays 
Generators. 
Meters 
Magnetron Fields 


AUTOMOTIVE AND AVIATION EQUIPMENT? 


Voltage Regulators 
Motors 
-Speedometers 


Magnetos -— 
Tachometers 
Compasses - 


THESE PRODUCTS? 


Magnetic Separators Arc Blow-out Magnets 
Magnetic Chucks. 
Magnetic Conveyors 
~ Magnetic Clutches 
Magnetic Damping 
Devices 


Control Equipment. 
Circuit Breakers 
Limit Switches ~ 
Holding Magnets 


F YOU make any of the above products, you 

should be interested in finding out how better 
permanent magnets can improve efficiency and 
reduce costs. Put your design, development or 
production problems up to The Arnold Engi- 
neering Company. Arnold engineers have been 
of great assistance to many manufacturers and 
are at your service to advise exactly what Alnico 
, permanent magnet will solve 
your particular problem. 


” THE ARNOLD ENGINEERING COMPANY | 


Temperature and Pressure - 


Generators 
Magnetic Oil 
. Filters 


~ Clocks 


Toys and Novelties 

Coin Separators 
‘for Vending 
Equipment 


oe 


PER Mau 
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Write for Technical Bul- 
letin—‘‘Permanent Mag- 
nets for Industry,’’ 
containing valuable data 
on design, production 
characteristics and appli- 
cations of Permanent 


Magnets. 


SUBSIDIARY OF ALLEGHENY 1UDLUM STEEL CORPORATION 
147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS 


Specialists in the manufacture of ALNICO. PERMANENT MAGNETS 
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TRADE 
LITERATURE 


Adjustable Transformer— Drawings,spec- 
ifications, and photographs of parts in- 
cluded in the description of several new 


variacs for single-phase and multiphase. 


operations. Eight pages.—General Radto 
Company, Cambridge 39, Mass. 


Fluid Flow—Junior Rotameter described 
in a four-page pamphlet. Applications and. 
specifications given, with several designs 
illustrated.— Fischer and Porter Company, 
Hatboro, Pa. 


Groundmeter—The twelve pages in Bul- 
letin 160 describe in pamphlet form the 
measurement of earth electrodes, the 
construction of the groundmeter, its 
operating principle, and instructions for 
its use.-——Borden Electric Company, Sum- 
mit, N. J. 


Induction Soldering— Portable bench- 
type induction soldering unit, its field of 
application, special safety features, and 
method of operation described in four 
pages. — Marion Electrical Instrument 
Company, Manchester, N. H. 


Micrometer— Micrometers in outside 
models from zero to six inches, inside and 
depth micrometers; sets in both English 
reading and metric types. The eight-page 
folder also describes the construction 
and features of the GS dial test indicator 
and illustrates toolmakers’ and machin- 
ists’ specialties, such as sine bars, hard- 
ened solid steel squares, and vernier 
calipers.—George Scheer Co., Inc., 200 
Lafayette Street, New York 12, N. Y. 


Motor Control—-Remote control by 
servo-motor is described in this two-page 
bulletin. Construction features and per- 
formance chart.—Transicoil Corp., 114 
Worth St., New York 18, N. Y. 


Nonmetallic Parts—-Photographs of ma- 
chined and punched parts from diamond 
vulcanized fiber with a chart of the 
properties of this material are described 
in Bulletin GF-20. A center spread gives 
data concerning electrical and mechanical 
properties of Dilecto sheet grades. Prop- 
erties of material and fabricated parts are 
also given for Vulcoid, Celeron, Micabond, 
and Dilectene—Continental-Diamond 
Fibre Company, Newark, Delaware. 


Overhead Cranes—Use of the overhead 
crane in paper mills is the subject of this 
four-page pamphlet. Factory photo- 
graphs with figure captions illustrate its 
use in the transportation of stock.— 
Whiting Corporation, Harver, Ill. 


Rectifier Equipments—LEight-page bul- 
letin illustrates and describes various 
types of standard selenium rectifier 
equipments for direct current require- 
ments, with specifications and ratings 
included.—Seletron Division, Radio Re- 
ceptor Co., Inc., 251 West 19th Street, 
New York 11, N. Y. 


Soldering—Four-page folder concerns a 
self-fluxing solder with three cores located 
just beneath the outer surface of the wire. 
Flux percentage, distribution, control 
and efficiency are given.—Alpha Metals, 
Inc., 363 Hudson Avenue, Brooklyn, N. Y. 


Waterproof Connectors— Materials, con- 
struction, and watertight connection 
described. Illustrations and specifications 
in four-page Bulletin No. W-146.— 
Cannon Electric Development Co., 3209 
Humboldt Street, Los Angeles, Calzf. 
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RECENT ARTICLES AND NEW BOOKS OF INTEREST TO INDUSTRY 


AIRCRAFT 


Aerial Navigation and Traffic Control With Navaglobe, 
Navar, Navaglide, and Navascreen. 


H. Busignies and others—Elec. Com- 
mun., June, 1946; v. 28, pp. 118-148. 

‘‘Navaglobe’”’ is a system of long-range- 
navigation; ‘“‘Navar’’ is a system of air- 
port traffic control by radar. ‘‘Navaglide”’ 
is an instrument and automatic landing 
system; and ‘‘Navascreen’’ is a device 
for displaying air-traffic data at a ground 
station. 


Alternating-current Power for Large Aircraft. 


T. B. Holliday—Prod. Engng., June, 1946; 
v. 17, pp. 503-508. 

Analysis and interpretation of the 
complex engineering considerations that 
resulted in adoption of 400-cycle a-c 
power for large aircraft. 


Constant-speed Drive Sought for Aircraft Alternators. 


T. B. Holliday—Elec. Mfg., June, 1946; 
v. 3/, pp. 126-129, 192, etc. 

Suggested solutions for the biggest 
single problem in current experimental 
work with aircraft a-c systems. 


Development of Precision Radio-controlled Dynami- 
cally Similar Flying Models. 


Ernest G. Stout—-Jour: Aero. Scz., July; 
1946; v. 138, pp. 335-345. : 
Flying scale models, which are dynam- 
ically similar scale duplicates of the full- 
scale prototypes, may be accurately 
flight-tested through the use of position- 
ing multichannel radio remote control. 


BLOWERS 


[Industrial Fans; Their Practical Evaluated Rating, Per- 
formance, and Control. 


M. S. Kice—I.M.E. Jour. & Proc., June, 
1946; v. 154, pp. 101-123. 


CASTINGS 

Using Precision Castings in Electrically Energized 
Equipment. 

J. W. Glaser—Elec. Mfg., June, 1946; v. 
37, pp. 180-134, 218, etc. 


COIL WINDINGS 
Technique of Toroidal Winding. 


F,. E. Planer—Electronic. Engng., July, 
1946; v. 18, pp. 199-203. 

Methods and machines for winding 
coils for radio applications. 


Fundamentals of the Elliott-Lysholm Compressor. 


W. A. Wilson and J. W. Crocker— Mech. 
Engng., June, 1946; v. 68, pp. 514-518. 
A lobe-type rotary air compressor. 


CONDENSERS 

Automatic Control of Large Synchronous Condensers. 
M. J. Brown—ATEE46-106, Apr., 1946; 
21 pp. , 

A typical push-button operated con- 
trol for a large synchronous condenser 
is described and the diagrams involved 
are shown. The description includes a 
detailed résumé of starting sequence, 
and protective device operation, and 
automatic control of voltage and load. 


COUPLINGS, SHAFT 
Torsion Bar Provides Coupling Flexibility. 
James H. Potter—Mach. Design, June, 


bO4G6)3-V.18)) pp. 122-124. 


The design of a new type of torsionally 
flexible coupling is discussed and results 
of a number of tests made on a full-scale 
working model are presented. 
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ELECTRIC SHOCK 
Dangerous Electric Currents. 


Charles F. Dalziel——AIEE46-112, May, 
1946; 15 pp. 

A continuation of the author’s series of 
experiments on the nature and effects of 
electric shock. The present investigation 


is concerned with the effects at higher. 


currents. 


ELECTRON ACCELERATORS 


Graphical Method for Determining Particle Trajec- 
tories. 


William E. Parkins and Eugene C. Crit- 
tenden, Jr.—Jour. App. Physics, June; 
1946; v. 17, pp. 447-449. 

A graphical ray tracing scheme is 
described which gives improved accuracy 
for tracing particle orbits of the type 
encountered in the cyclotron, betatron, 
and synchrotron. 


ELECTRON DISCHARGE 


Study of Oxide Cathodes by X-ray Diffraction ‘Meth- 
ods. Part I: Methods, Conversion Studies, and Thermal 
Expansion Coefficients. 


A. Eisenstein—Jour. App. Physics, June, 
1946; v. 17, pp. 484-448. 

ELECTRON TUBES 

The Magnetron as a Generator of Centimeter Waves. 
J. B. Fisk and others—Bell System Tech. 
Jour., Apr., 1946; v. 25, pp. 167-348. 
ENGINES 


Water Injection in a Spark-ignition Engine. 


W. P. Green and C. A. Shreeve, Jr.— 
A. SME. Trans:, July; 19463 -v 68: pp: 


641-545. : 


EQUATIONS 


Four Methods for the Solution of Simultaneous Linear 
Equations. : 

Robert H. Scanlan and Marvin G. Har- 
rison—Prod. Engng., June, 1946; v. 17, 
pp. 5138-515. 

Solution of simultaneous linear equa- 
tions by methods based on elimination, 
matrices, a tabular technique, and relaxa- 
tion. Calculation forms are given for th 
practical computer. 


FAULTS, ELECTRIC 

Buried Cable Faults Located by Sonic Detector. 

F. S. Benson and others——Elec. Wid., June 
22, 1946; v. 125, pp. 82-85. 

Crystal vibration detector used in 
place of microphone on sound level 
meter together with impulse generator 
combine to provide simple, reliable 
method of locating faults in both shielded 
and unshielded cables. 


FILAMENTS 

Methods of Minimizing Lead Loss in Emissivity and 
Resistivity Determination. 

L. Maltér and D. B. Langmuir——Jour. 
App. Physics, June, 1946; v. Life: 
456-457. 

Two means are described for minimiz- 
ing the effects of lead loss in determining 
the electrical properties of thin filaments 
as a function of temperature. 


FOUNDRY PRACTICE 
Developments in Gray Iron and Malleable. 


G. Vennerholm— Metal Prog., June, 1946; 
v. 49, pp. 1163-1168. 


An analysis of wartime developments 
in the foundry industry. 
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INSTRUMENTS, AIRCRAFT 
Liquid Mass Measurement Ups Fuel Gaging Accuracy 


Carl H. Odell-—Aviation, June, 1946; v. 
45, pp. 72-73. 


New device which approaches op- 
timum in liquid measuring through elec- 
tronic ‘determination of cg of liquid at 
any airplane position. 


Moisture-control System for Aircraft Instruments Con- 
taining Vacuum-operated Gyros. 


E. R. Dye and’ R. J. “W. Koopman— 
Instruments, July, 1946, pt. 1; v.19, 
pp. 400-401. 


INSTRUMENTS, CALCULATING 
Machine for the Summation of Fourier Series. 


G. Hagg and T. Laurent-—Jour. Sci. 
Instr., July, 1946; v. 23, pp. 155-158. 


Twelve-equation Computing Instrument. 


Clifford E. Berry and J. C. Pemberton— 
Instruments, July, 1946, pt. 1; v. 19, pp. 
396-398. 


A device for solving linear simultaneous 
equations. 


INSTRUMENTS, MEASURING 


Apparatus for Recording Pressure on a Specirographic 
Plate. 


Bryce:.L. Crawford, Jr: “and. Clayton 
Huggett—Rev. of Sci. Instr., June, 1946; 
Viol pps ZVSS20b: 


Permits following both the absorption 
spectrum and the pressure of the gas ina 
reaction cell, as functions of time. 


Glossmeter for Smoothness Comparisons of Machine- 
finished Surfaces. 


Richard S. Hunter—WNat. Bur. Stds. Jour. 
Res.,  Apr.,; 1946; ve 36, >) pp. 885-391 
(Ripe Nort 708)):: 


As shininess is one indication of surface 
smoothness, a photoelectric glossmeter 
was developed for possible use as a 
production-inspection device for evaluat- 
ing the roughness of fairly coarse ma- 
chine-finished surfaces. 


High-vacuum Gage and Control Systems. 


Robert G. Picard and others—Radio- 
Electronic Engng., July, 1946; v. 7, pp. 
11-138, 28. 


The accurate measurement and control 
of high vacua by electronic means. 


INSULATION 
High-voltage D-c Testing of Rubber Insulated Wire. 


W.N. Eddy and W. D. Fenn—AIEEL6- 
121, May, 1946; 7 pp. 

Results of an experimental study made 
on the voltage limits suitable for the high- 
voltage d-c testing of factory lengths of 
plain insulated wire immersed in water. 


LACQUERS 


Measurement of the Adhesive Force of Lacquers. 


P. Koole—Philips Tech. Rev., May, 1946; 
v. 8, pp. 147-148. 


LOCOMOTIVES 
Proposed Gas Turbine Locomotives. 


Walter Giger—-Ry. Age, June 8, 1946; 
v. 120, pp. 1135-1137. 


On results obtained with a locomotive 
on the Swiss Federal Railways, and on 
possible further designs. 


(Continued on next page) 
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LIBRARY SECTION (continued) 


METALS 
Electropolishing Metals to Obtain Surface Finish. 
Charles L. Faust—Prod. Engng., June, 
1946; v. 17, pp. 449-451. 

Recent applications, advantages, and 
limitations of the process. 


Finish Durability Improved With Vitreous Phosphate 
Coating. 

C.-T. Roland and H. I.. Rosenbloom— 
Steel, June 17, 1946; v. 118, pp. 122, 124, 
126, 129. 

Cold aqueous solutions spontaneously 
coat steel and zinc with amorphous film 
sufficiently plastic to withstand forming 
and drawing operations. 


Method of Testing Thin Sheet Material in Compression. 


Baxter C. Madden, Jr.—Jour. Aero. Scz., 
July, 1946; v. 138, pp. 346-352. 


Powder Metallurgy and the Refractory Metals. 


Allan Ibs. Percy-——-Sied,. June .17; 1946; 
v. 118, pp.-106-108, 146, etc. 
Powder metallurgy applied to tung- 
sten, tantalum, molybdenum, and colum- 
bium. 


MOTORS 
Basic Control Circuits for Squirrel-cage Motors. 


Harry Littlejohn—Prod. Engng., June, 
1946; v. 17, pp. 444-448. 

Manual and automatic across-the-line 
starting circuits, reduced voltage meth- 
ods, overload protection, reversing, and 
multispeed operation. 


PAINTS 
Temperature Indicating Compounds. 


G. A. Williams—Hlectronic Engng., July, 
1946; v 18, pp. 208-212. 

New methods of determining surface 
temperatures by colour-changing pig- 
ments and chemical compounds. 


PLASTICS 
Low-cost Fabrication With Thermoplastics. 


R. R. Bradshaw——Prod. Engng. & Man.., 
June, 1946; v. 17, pp. 51-57. 

Methods and tools for fabricating and 
finishing thermoplastics. 


Preheating Without Preforming. 


Modern Plastics, June, 1946; v. 28, pp. 
148-150. 
Pertains to plastics molding. 


Relation Between the Impact and Flexural Tests for 
Molded Plastics. - 


L. E. Welch and H. M. Quackenbos, Jr.— 


A.S.M.E. Trans., July, 1946; v. 68, pp. 
547-556. 


Lugs, Straight ey} 
and Parallel Con- < : 
nectors, Cable “ye %, 
Taps, Tees, Service Connectors, Ground- 
ing Clamps, Elbows, etc. etc. 


PENN-UNION ELECTRIC CORP.. 


POWER PLANTS 

More Power to America; A Critical Appraisal of a 
New Industrial Load-building Technique After a Year 
of Testing in the Field, | 

W. V. Merrihue-—Edison Elec. Inst. Bul., 
July, 1946; v. 14, pp. 251-254, 264. 


PROTECTIVE APPARATUS 
Fault Selective Protection on Distribution Systems. 


W. H. Prevey——Elec. News & Engng., 
July 15, 1946; v. 55, pp. 62-64. 

Quickly clears transient faults and 
restores service. 


PROJECTILES 


Approximate Calculation of the Range of a Winged Jet 
Projectile. 


M. Zbigmez Krlywoblocki—Jour. App. 
Physics, June, 1946; v. 17, pp. 515-519. 

The possibility of launching winged jet 
bombs or mail-rockets on very long 
flights of perhaps 3000 miles. 


The Mechanism of the German Rocket Bomb (‘‘V2"). 


I. M. E. Jour. & Proc., June, 1946; v. 154, 
pp. 938-100 (Proc.) 


Critical Review of German Long-range Rocket Devel- 
opment. 


W. G. A. Perring—Roy. Aero. Soc. Jour., 
July, 1946; v. 50, pp. 488-525. 


RADAR 
Factors Affecting the Range of Radar Sets. 


L. R. Quarles and W. M. Breazeale— 
AIEE46-102, Apr., 1946; 6 pp. 


Merchant Marine Radar. 


Irving F. Byrnes-—-RCA Rev., Mar., 
1946; v. 7, pp. 54-56. 

Outlines and describes surface search 
radar for maritime applications. 


Radar Indicators. 


L. J. Haworth—Radto- Electronic Engng., 
June, 1946; v. 6, pp. 3-6, 28-29. 
Describes the various types of cathode- 
ray tubes and phosphors used in radar 
work, and the presentation of the desired 
information on the scope screen. 


RADIO, COMMUNICATION 


Frequency, Power, and Modulation for a Long-range 
Radio Navigation System. 
Paul R. Adams and Robert I. Colin— 
Elec. Commun:, June; 1946; v. 23, pp: 
144-158. 

Radio propagation implications of a 
long-range radio navigation system. 


RADIO, DIRECTION-FINDING 


Consol Beacon Direction-finding System of High 
Accuracy. 
John:.E.:Clegs—-Wareless Wid. July; 
1946; v. 52, pp. 233-235. \ 
‘‘Consol’’ is the name used in Englan 
to describe a radio aid to long-range 
navigation originally developed by the 
Germans. 


RADIO, ENGINEERING 
Equivalent Capacitances of Transformer Windings. 


W. T. Duerdoth—Wiureless Engr., June, 
1946; v. 23, pp. 161-167. 


Laboratory Pulse Generator With Variable Time 
Delay. 

D. R. Scheuch and F. P. Cowan—Rey. 
Of Ct. winsinas june, 1946. veld pp. 
223-226. 


Microwave Measurements. 


Floyd R. Bank, Jr.—Radio-Electronic 
none, July) 1946 5ve 7; pp..7-10;: 25. 


Study of Locking Phenomena in Oscillators. 


Robert Adler—Inst. Radio Engrs. Proc., 


June, 1946; v. 34, pp. 351-357. 
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RADON 


Radon; Its Properties and Preparation for Industrial 


Radiography. . ; 
Jick ALS Eos Dawson-—Jours Ser, \instr., 
July, 1946; v 23, pp. 188-144. 


REACTORS 


Negative Resistance Effects in Saturable Reactor Cir- 
cuits. 


J. M. Manley and E. Peterson—AJEEX6- 
120, May, 1946; 35 pp. : 

A mathematical analysis of the satu- 
rable reactor as an element in nonlinear 


’ circuits. Includes 16 references. 


RECTIFIERS 


Inductive Co-ordination Aspects of Rectifier Installa- 
pions. 


AIEEL6-105, May, 1946; 22 pp. 


REFRIGERATION 
Technical Phases of Home Freezer Development. 


C. E. Lund—Refrig. Engng., June, 1946; 
v. Ol, pp. 513-520. 


REGULATORS 


On the Theory of Automatic Control: Regulator 
Equations. 


Paul G. Kaufmann—J.M.E. Proc., War 
Emerg.: Issue’ No. 8," 1945:> vy." 153," pp. 
249-257. 

Pertains to automatic regulators in 
general, for various industrial applica- 
tions. 


RESINS 
A New Industrial Resin. 


Modern Plastics, June, 1946; v. 28, pp. 
134-136. : 

some of the first applications for this 
tetrafluoro-ethylene resin are coaxial 
cable spacers, gaskets, valve packings, 
tapes, rods, and cylinders. 


RESISTORS 
Current- and Voltage-variable Resistors. 


B. Stalhane—Engrs. Digest (Am. Ed.), 
June, 1946; v. 3, pp. 284-286. 


RUBBER 
Advances in Rubber During 1945. 


E. G. Chilton— Mech. Engng., June, 1946; 
v. 68, pp. 526-530, 536. 


SERVOMECHANISMS 
Dynamic Behavior and Design of Servomechanisms. 


G. S. Brown and A. C. Hall—A.S.M.E. 
Trans., July, 1946; v. 68, pp. 508-524. 


SUBSTATIONS 
A 1000 Kva Mobile Substation and Its Service Record. 


M. WW. Bardwell—AIEE46-99, Mar., 
1946; 4 pp. 


TELEVISION 
Development of an Ultra Low Loss Transmission Line 
for Television. 

E..O. Johnson—RCA.- Rev., June, 1946; 
v. 7, pp. 272-280. 

Television Equipment for Guided Missiles. 


Inst. Radio Engrs.  Proc.;: June, 1946; 
v. 34, pp. 375-401. 


TOOL ENGINEERING 
Research in Tool Engineering. 


O. W. Boston-—Tool Engr., June, 1946; 
v. 16, pp. 31-39: 


TURBINES, GAS 
Gas Turbine Engines. 


TONE E. Proc. War demere. Issue Noe LZ, 
1945; v. 153. Nine articles by variGus 
authors. f 
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VERAL @ ELECTRIC 


Outahes ™ 1OAR 


FLUORESCENT 


FOR STEADY suPPLY—General Electric bal- 
last capacitors are produced at two 
large General Electric plants—at Fort 
BawardN:. Yotand at Pittsfield, 
Mass. They are a continuous-production 
product, manufactured in plants which 
have facilities for taking care of both 
present and expanded future business. 
Count on General Electric as a reliable 
source of supply. 


FOR FULL RANGE OF RATINGS, SHAPES, SIZES— 
The use of *Pyranol insulating liquid 
assures compact size. This, with a full 
range of ratings, and a full line of con- 
tainer shapes for every application, per- 
mits you to count on G-E ballast capacitors 
for complete manufacturing flexibility. 


FOR HIGH QUALITY THAT CUTS BALLAST 
REJECTS—General Electric’s long experi- 
ence in designing and manufacturing 
not only ballast capacitors, but other 
types of capacitors as well, is an assur- 
ance of high quality. There are millions 
of G-E Pyranol capacitors establishing 
excellent service records in all types of 
applications. One reason for this is that 
General Electric “‘goes to extremes’’ in 


407-109-5700 
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> New Plant Capacity Assures Steady Supply 


4 Full Range of Ratings to Meet All Design Needs 


> Long Design Experience Cuts Field Rejects to the Bone 


subjecting capacitors to the most rigid 
inspection and quality control. From the 
initial selection and manufacture of basic 
materials, through each manufacturing 
operation, and throughout the most ex- 
acting inspection and tests, G-E capaci- 
tors are subject to constant laboratory 
supervision. You will find that it pays to 
count on G.E. for quality ballast capacitors. 


FEATURES OF G-E BALLAST CAPACITORS: 
1. Pyranol assures extreme stability at 
the high ambient operating tempera- 
tures of fluorescent ballasts. 


2. Pyranol impregnation assures longer 
life. 


3. Pyranol dielectric assures small size. 


4. Pyranol is non-inflammable. 


*Pyranol is a non-inflammable liquid dielectric with 
closely controlled characteristics, developed by General 
Electric and used in G-E Capacitors for over 13 years. 


LIBRARY SECTION (continued) 


WELDING 
How to Weld Aluminum. 


Iron. Age, June 20; 1946; v. 157, pp. 
50-55. 


Including gas, carbon arc, metallic arc, 
atomic hydrogen and resistance welding, 
as well as brazing and soldering. 


Some Results of Advances in Welding and Radiography 
on the Welding of Pressure Vessels. 


©..-R.° Carpenter— Weld. eJour., June, 
1946; v. 25, pp. 531-542. 


X-RAYS 


Parafocusing Properties of Microcrystalline Powder 
Layers in X-ray Diffraction Applied to the Design of 
X-ray Goniometers. 


J. C. M. Brentano—Jour. App. Physics, 
June, 1946; v. 17, pp. 420-484. 


BOOKS 


(Available. books may be purchased through the 
GENERAL ELECTRIC REVIEW for domestic 
delivery; none sent on approval.) 


Circuit Analysis by Laboratory Methods. 


Carl E. Skroder and M. Stanley Helm— 
288 pp. 1946. Prentice-Hall, Inc., New 
York. $5.35. 


This book was written by two Uni- 
versity of Illinois associate and assistant 
professors with the thought that it will 
be used as a guide and as a text in con- 
junction with a laboratory course in 
electrical circuits. Although the book is 
intended primarily for electrical engineer- 
ing students, it contains a_ sufficient 
variety of experiments to make it useful 
also to nonelectrical engineering students. 

The text describes how the circuits, 
the instruments, and the equipment are 


ASSOCIATED 


protected against overloads and short 
circuits by means of fuses and circuit describes clearly in simple language, and 
breakers, and how the various kinds of in detail, the operation of typical elec- 
loads are prepared for test. Then the tronic. equipments of various types -as 
various types and kinds of instruments used in industry today. Some of these 
are described and their fundamental equipments, such as resistance-welding 
properties explained. The a-c and d-c control, light-dimming control, register 
motors and generators are very effec- control, and motor control, have been 


tively covered. 


Kirchhoff laws are outlined and applied book not only covers these controls, but 
to some of the commonly used circuits also covers practically all other electronic 
noninductive, and equipment as used by industry at the 
capacitive loads which are connected in present time. Some of these equipments 
series, multiple, and series-multiple ar- are light- and heat-sensitive relays, arc 


such as inductive, 


rangements. 


This book should be very usefulin any regulators, rectifiers, temperature re- 
electrical laboratory where it is necessary corders, and induction- and dielectric- ) 
to acquaint the workers with the funda- heating equipments. In addition, the { 
and limitations of characteristics and operation of various 
instruments, machines, and circuits. The types of electronic tubes, as used by 
many experimental problems can be very industry, are described in a very effective 
useful to the student in teaching him how manner. Instead of devoting one or more 
to apply some of the fundamental chapters to that of tubes alone, the author 
principles of electricity. 


mental principles 


Electronics in Industry. 
George M. Chute-——461 pp. 1946. Mc- placed on the use of the tube rather than 


Graw-Hill Book Co., New York. $5.00. 0n_the characteristics alone. 
Before the war, the use and develop- ; Meira | 
ment of industrial electronic equipment maintenance and application of elec- | 
was fairly steady and uniform. The war, tronics in industry. He also has appre- 
however, changed this picture com- Ciable experience in teaching this subject. 
pletely. Emphasis was then placed on This knowledge has been effectively in- 
those, electronic applications which had COrporated in this interesting book which 
direct bearing on’ the war effort, such as should be of considerable interest and 
radar, and normal development and use value to those who can use this informa- f 
of electronics in industry was in many tion to properly service and apply such : 
cases retarded or stopped. With war equipment. This book should also be of } 
restrictions removed, the effect is like a value to those who are interested in ' 
wound clock spring suddenly released keeping up to date on the type of elec- 
with electronics invading almost every tronic equipment in use at the present | 


industry. 
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Inductance Calculations. 


F,. W. Grover—286 pp. 1946. D: Van 
Nostrand Company, New York. $5.75. 
The object of this book is to furnish 
in one place and for most types of air- 
core inductors single, simple formulas 
involving only the parameters that must 
naturally enter and numerical coefficients 
obtainable from tables computed es- 
_ pecially for the purpose and included as 
part of the book. Thus, one may avoid 
the problem of selecting the proper 
formula from the several forms available 
in many cases in various handbooks and 
Bureau of Standards publications, and 
may also avoid the use of the various 
mathematical functions required in many 
of the previously available formulas. 

The book is arranged in three sections. 
The first is concerned with the basic 
principles involved and the method of 
using the working formulas given in the 
later sections. The second and third 
sections contain the formulas and neces- 
sary tables for the calculation of circuits 
made up of straight-line elements and cir- 
cular elements respectively. There is also a 
final chapter on high-frequency formulas. 

This book forms a convenient reference 
for all those who must concern them- 
selves with the computation of circuit 
inductances and thus should be very 
useful. There are perpetuated in it, how- 
ever, two errors of concept which are 
very common and which for a long time 
have disturbed the reviewer when he has 
seen “them :inviprint.” The*'first’ isthe 
| statement given at least twice without 


This book is therefore very timely. It | 


described to some extent previously. This 


\ 
| 


welding, control, voltage and _ speed | 


‘ 


very carefully shows by means of a simple { 
B. W. JONES circuit how the characteristics of each 

type of tube can be used to achieve 

certain results. In this way, emphasis is 


Mr. Chute has wide experience in the j 


qualification that in the absence of 
magnetic materials inductance depends 
| only on the geometry of the system, when 
} in fact inductance depends also on the 
frequency of the current. The second is 
the discussion and calculation of the 
mutual- and self-inductances of segments 
of conductors just as if these were real 
physical concepts fulfilling the require- 
ments of inductance, when in fact in- 
ductance may only be uniquely defined for 
i complete circuits. CHARLES CONCORDIA 


time. G. W. GARMAN 


4 Inside the Vacuum Tube. 


i John F. Rider—407 pp. 1945. John F. 
Rider, Publisher, Inc., New York. $4.50. 


It is a rare experience to discover a 
new book on an old subject and find the 
standard material built into a readable 
story. Such is the case with Inside the 
Vacuum Tube by John F. Rider. 

Much thought has gone into the 
preparation of a clearly worded concise 
text. The book is easy to read and the 

first four chapters concerning the life 
and habits of the electron are especially 
interesting. The information is offered 
through a nonmathematical text rich in 
l highly illustrative little sketches which 
are so apt that they make the physical 
| action unmistakable. | 

With a good background established 
in the first chapters, the author then 
develops the concepts of electron be- 
havior in electric and magnetic fields, 
and finally arrives at the working 
characteristics of the basic types of 
electron tubes. The use of anaglyphs to 
illustrate the three-dimensional nature 
of the electric fields is an interesting 
experiment which is difficult to assay. 

In the latter parts, there is a gradual, 
and perhaps unavoidable, transition from 
the style of the first few chapters to a 
more conventional treatment of the 
subject. In some of these, the text seems 

» toebe slow and too detailed. 
“On the whole, however, the book is 
well written and fulfills the author’s aim 
at an elementary text. It will be of 
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particular value to those who have not the 
technical background to permit reading 
more advanced books but who want an 
accurate qualitative picture of the modern 
electron tube. E. D. McArTHUR 


Organic Chemistry. (Second Edition) 


Paul Karrer—9538 pp. 1946. Elsevier 
Publishing Co., Inc., New York. $7.50. 
The second English translation of 


Professor Karrer’s excellent text, based 
on the eighth German edition (1942), 


maintains the high standard of previous 


editions. Although including all essential 
introductory matter, this is an. ‘ad- 
vanced’ textbook. Special emphasis is 
placed on constitution proof, synthetic 
methods, reaction mechanism, stereo- 
chemistry, and particularly on the 
descriptive organic chemistry of natu- 
rally occurring substances. (The author’s 
distinguished contributions affect the 
study of vitamins, hormones, plant pig- 
ments, sterols). General principles and 
the basic facts of organic chemistry also 
receive lucid and adequate treatment. 
However, many subjects of industrial 
significance are neglected. Thus, syn- 
theses from acetylene are treated in 1% 
pages; fats, oils, and soaps in 4 pages; 
petroleum in 514 pages; coal tar in 1% 
pages; natural and synthetic rubber in 
2 pages; vinyl polymerizations in 14 page; 
phenol-aldehyde reactions in 14 page; and 
numerous industrially important proc- 
esses are ignored entirely. 

The classification of organic com- 
pounds according to the valency of the 
functional group lends consistency to the 
treatment but causes certain awkward 
lapses in continuity; for example, it 
forbids a single discussion of halogenated 


Waatever your speed- 
measuring problems, it will be 
to your advantage to consult 
with us. We offer a variety of 
centrifugal, chronometric and 
vibrating-reed instruments. 
Illustrated bulletins fully de- 
scriptive of all types will be 
sent at your request. 


methanes, and associates glycols with 
diamines and dihalides rather than with 
simple alcohols. 

The printing, format, and appended 
tables are excellent; also, references are 
numerous and carefully chosen. 

Dr. M. M. SPRUNG 


Quartz Crystals for Electrical Circuits. 


Raymond A. Heising—563 pp. 1946. D. 
VanNostrand Co., Inc., New York. $6.50. 


From time to time during the past few 
years, articles concerning quartz crystals 
as used for electronic purposes have 
appeared in the Bell System Technical 
Journal. These have now been assembled 
into a bound volume for general use. For 
this reason it takes the form of a reference 
rather than a text book since no pro- 
gressive sequence is followed. The various 
sections are the work of not one but 
several authors which results in some 
duplication of information. This, how- 
ever, is not objectionable since two 
viewpoints frequently tend to more 
thoroughly clarify the point. 

The information given is fairly com- 
plete for most of the topics covered, but 
some items have not been included which 
would add somewhat to the scope of the 
book. This condition undoubtedly exists 
because of the fact stated above, that 
the volume is a compilation. 

The book has one desirable and not 
commonly encountered feature, namely, 
it contains material not only of interest 
to the engineer, physicist, and mathe- 
matician, but also to the man directly 
interested in crystal manufacture. It is a 
book which may well be included in the 
libraries of those interested in this some- 
what specialized subject. C. B. BALDWIN 
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ILER-FEED PUMPS 


or the Exacting Enginee 


RT: 4 to 8 stages; pressures to 1200 
lb, capacities to 2000 gal per min. 


VH T-VHTA: 4 to 


s ! q 30 stages; pres- 
MRV: 2-stage Motorpump, MRVH: 4-stage Mo- Sures to 1500 Ib, 
pressures up to 200 Ib, capac- torpump, pressures to Capacities to 350 
ities to 275 gal per min. 260 Ib, capacities to 75 8a! per min. 


gal per min. 


ere is a: line of feedwater pumps tHat satisfies, yes, 
even exceeds, the specifications of the most exacting boiler 
plant engineer. That’s because there’s a lot of clear think- 
ing, a superb research organization, and 75 years 
experience behind the Ingersoll-Rand Cameron line of 
boiler-feed pumps. 

GT: 2 stages; pres- Phaheeca : saa 

eares 7elG50 IBY ce: is a pump in this line-up for any plant from the 
pacities to 2200 gal smallest to those big, high-pressure jobs that make the 
' per min. headlines. Regardless of size and duty, they are all built 
with the same exacting care that has made the trademark, 
I-R, a symbol of confidence in the field of hydraulics. 


Call ‘your nearest I-R engineer for literature or con- 
sultation.. There’s no obligation—just the desire to help 
you get the best in performance and long service. 


CHT: 6 to 8 stages; pressures to 3000 
lb, capacities to 2500 gal per min. 


CNT: 4 to 8 
HT: 4 to 9 stages; pressures to 1600 stages; pressures 
Ib, capacities to 1500 gal per min. to 800 Ib, capaci- 
ties to 700 gal per 
min. 


COMPRESSORS - AIR TOOLS © ROCK DRILLS 
TURBO BLOWERS » CONDENSERS 
CENTRIFUGAL PUMPS « OIL AND GAS ENGINES 
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DAVEN offers the most extensive 
line of standard and special attenu- 
ators for radio broadcast, television, 
sound recording, sound cinema, 
public address systems, laboratory 
test equipment and industrial elec- 
tronic uses. Among the many fea- 
tures of DAVEN attenuators are 
detent gear for accurate indexing, 
improved shielding, captive term- 
inal. board, special silver contacts, 
certain stop, separable couplings 
on dual and multiple unit models. 


Automatically totalize various dial 
settings at one point on the face 
of the unit, where the total can 
be seen quickly and easily. On 
units where the decimal point is 
not fixed, the calculating indicator 
sefs the decimal point in the cor- 
rect place. Eliminates the possibil- 
ity of error in calculations. ... Saves 
time and effort. Available on 
bridges, resistance decades, volt- 
age dividers, attenuation net- 
works, etc. 

*Patent applied for 


Featuring extremely low and uni- 
form contact resistance and low 
noise level. Daven switches are 
supplied in varied combinations of 
decks, poles per deck and con- 
tacts per deck. Heavy duty, lami- 
nated, self-wiping arms need no 
lubrication; switch contacts and 
arms are of a special silver alloy 
(other metals to your specifications); 
bakelite or ceramic panels; break- 


before-make or make-before-break 
wiring. 


Daven volume level indicators are 
designed to indicate audio levels 
in broadcasting, sound recording 
and allied fields. They are sturdily 
constructed and correctly damped 
for precise monitoring. Specialized 
experience, for almost a quarter 
century, in the design and devel- 
opment of test equipment has 
established Daven-Engineered prod- 
ucts as ‘‘preferred’’ by leaders in 
the industry. 


Designed to measure the power 
output of audio systems. Forty dif- 
ferent values of load impedance 
available between 2.5 and 20,000 
ohms providing a convenient method 
of impedance matching. They may 
also be used to determine internal 
impedance or optimum load, to 
measure insertion loss of a net- 
work, to measure noise pick-up 
level, and to test band width, se- 
lectivity and fidelity. 


Non-inductively precision wire 
wound SUPER DAVOHM resistors 
assure optimum . permanency of 
calibration, close accuracy and ex- 
tremely low temperature coefficients. 
Supplied in any resistance value 
from 0.1 ohm to 10 megohms. 
Built to tolerances within £0.1%. 
To méet the mos? exacting require- 
ments, Seald-Ohm resistors are of- 
fered. These hermetically sealed 
resistors may be obtained with the 
same characteristics as DAVOHMS. 


